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ABSTRACT
Three Malaysian pravn (Hacrobrachium rosenberpii)/channel catfish 
(Ictalurus ounctatuB) polyculture studies were conducted from Hay 1984 
through October 1986. In the first study pravn stocking size and 
density on catfish and pravn production vere examined. In 1984 
catfish, 8=24 g, vere stocked at 9,884/ha. Pravns, x=0.04 g, vere 
stocked at 4,942, 9,884 and 14,826/ha. After 144 days catfish average 
veights, survival and yields vere <340 g, <78% and <2,000 kg/ha, 
respectively. Pravn veight, survival and yields ranged from 34-54 g, 
47-61% and 165-344 kg/ha, respectively. In 1985 catfish, x=33 g, vere 
stocked at 7,410/ha and pravns, x=0.15 and 0.70 g, vere stocked at 
1984 densities. After 137 days catfish average veight, survival and 
yields vere 427 g, 86% and 2,726 kg/ha, respectively. Pravn veight, 
survival and yields ranged from 48-73 g, 41-88% and 110-471 kg/ha, 
respectively. Positive economic net returns vere achieved vith 0.15 g 
pravns stocked at 14,826/ha and 0.70 g pravns stocked at 9,884 or 
14,826/ha.
In a second study pravn bottom location preference and movement 
vere determined in ponds. Males vere more frequently observed in the 
deep ends of ponds and near the ponds' perimeters, and females vere 
observed more frequently in the shallov ends and in the middles of 
ponds. Pravn movement did not differ betveen day and night, averaging 
1.1 m/h-. Tvo-funnel cravfish traps and box traps vith slit 
entrances, 12 and 24 hr set times, and vhite light and commercial 
cravfish bait attractants vere evaluated for capturing pravns. Traps
vere not effective at capturing pravns regardless of set tine or 
attractant.
In the third study catfish and pravn mean lengths and velghts 
from cast-netted and seined samples vere compared to a complete 
population census taken after 48, 92 and 139 days of grovth. Ponds 
vere stocked vith catfish at 7,410/ha and pravns at 1984 study levels. 
Cast-netted samples under-estimated and seined samples over-estimated 
catfish size. Cast-netted and seined sample pravn means did not 
differ from each other or population parameters. Catfish and pravn 
size variation increased over time. Catfish and pravn survival 
decreased during the first 48 days and then remained constant 
throughout the rest of the grov-out period.
xi
INTRODUCTION
Channel catfish (Ictalurus punctatua) famino iB the largest 
finfish aquaculture industry in the United States. In 1986 farsers in 
Mississippi produced catfish on 34,491 ha (Anon. 1987a), and they 
marketed an average of 8,021 HT/aonth at an average wholesale value 
(in the round) of 81.47/kg (range SI. 34 to SI.63/kg) (Anon. 1987b). 
However, in 1986 farmers in some months lost money on their crops. 
Break-even prices for catfish production in Louisiana ranged from 
SI.21 to SI.43/kg, depending on stocking density and farm size.
Culture of giant Halaysian pravns (Hacrobrachium rosenbergii) in 
catfish ponds may be one way to increase profits by producing two 
crops simultaneously. Previous catfish-pravn polyculture studies (eg. 
Behrends et el. 1983, Pavel et al. 1983, D'Abramo et al. 1986) have 
shown that the two species can be cultured together.
Several characteristics of prawns make them especially attractive 
for farming. First, they mature, mate and spawn in captivity 
year-round which permits continuous production of seed stock. Second, 
prawns are omnivores utilizing a variety of foods (Schroeder 1983, 
Lilyestrom 1986). Third, pravns can be cultured in fresh and brackish 
water (Sandifer and Smith 1983, p. 83), so culture is not limited to 
areas vith saline water. Fourth, prawns command high market prices 
(Liao and Smith 1981, 1982). Finally, abdomen meat can be stored for 
3 to 6 months under proper conditions (Nip and Hoy 1979, Hale and 
Haters 1981), thus extending market availability.
Problem also exit In culturing pravns. First, they are slallar 
to penaeld shriap and aay coapete in aarkets (Bauer et al. 1983). 
Second, temperatures in teaperate regions restrict the growing season 
froa Hay to October. Lethal water temperatures, <13° C 
(Faraanfaraaian and Hoore 1978), occur in April and Hoveaber in auch 
of the southeastern United States. Third, seed stock is expensive and 
often difficult to obtain. Moreover, once obtained, appropriate 
polyculture stocking strategies vith catfish are not known. Fourth, 
complete pravn harvesting requires that ponds be drained completely. 
Ponds must eventually be refilled with water at a high cost and this 
is seldom done on commercial catfish farms. Research is needed to 
determine if pravns can be harvested without draining ponds. Fifth, 
pravn size variation at harvest is vide, which in association vith low 
market volumes may reduce their marketability. Although several 
studies have examined size variation at several harvest sizes, only 
Fujimura and Okaaoto (1972) have examined how this variation changes 
over time in monoculture ponds. Additional research is needed to 
establish hov size variation changes at lover densities used in 
polyculture schemes.
Pravn culture in catfish ponds has not expanded within the 
southeastern United States because of many of the aforementioned 
problems. Specific objectives of theis project vere as follows:
1. determine the effects of pravn stocking size and density 
on pravn and catfish growth, survival and yield in 
polyculture;
identify polyculture stocking schesee that vill yield 
positive net economic returns;
describe temporal and spatial activity patterns of 
harveatable (>30 g) pravns;
test alternative methods for harvesting pravns; 
determine sampling biases in cast netting and seining 
methods of sampling catfish and pravns; and 
examine temporal changes in grovth, size variation and 
survival for both species at three pravn densities.
CATFISH AND PRAWN POLYCULTURE PRODUCTION STUDIES
Literature Relvew
Channel catfish have been cultured vith other species Including 
striped Bullet (Hug11 cephalus) and tilapia (OreochroBis aureus)
(Perry and Avault 1972), largeaouth bass (Hicropterus Balsoides) (Buck 
et al. 1973), striped aullet (Perry 1975), buffalo (Ictiobus sp. ) 
(Perry and Avault 1975), hybrid grass carp (Ctenopharyngodon idella X 
Cyprlnus carpio) (NerkovBky and Avault 1976), red svaap cravfish 
(Procaabarus clarkll) (Green et al. 1978), tilapia (Q. aureus) and 
golden shiners (Notenigonus crysoleucas) (Clady 1981), all-nale 
tilapia hybrids (Q. hornorus X Q. Bossasbica) (Gabel et al. 1981), and 
red svaap cravfish (E, clarkll) vith several other North Aaerican 
fishes (Tuten and Avault 1981). Polyculture scheaes Increased total 
fish production over catfish nonoculture and found little if any 
negative interaction betveen catfish and other species.
Pravns have also been cultured vith other species (Table 1), 
including Q, aureuB (Brick and Stickney 1979), various carps (Halecha 
et al. 1981 and Karplus 1986a), Tilapia spp. (Cohen and Ra'anan 1983), 
nullet (Sugll sp. ) vith various carp species (Cohen et al. 1983) and 
golden shiners (Scott 1986). Brick and Stickney (1979) stocked 
11,000, 0.29 g juvenile pravna/ha vith 2,000 Q, aureus/ha. producing 
pravns of unacceptable size and lov yields, but high survival.
Nalecha et al. (1981) stocked high densities of post-larvae that 
yielded snail (12.7 g) pravns at harvest vith lov to noderate
4
Table 1. Selected results of prawn polyculture experiments with 
finfish species other than channel catfish.
Brick &
Stickney
1979
Halecha 
et al. 
1981
Cohen & 
Ra'anan 
1983
Cohen
1984
Karplus 
et al. 
1986
Scott
1986
No of prawns 11,000 46,000 5,000 4,940 20,000 37,050
stocked/ha 79,000 10,000 
15,000
4,940 
14, 820 
14, 820
20,000 37,050
Prawn size 0.291 0.073 i} i} 0.6? 0.65?
(g) and type 
at stocking
0.07
ii |! 1.9 0.65
No of fish 2,0003 5,500? 7,500® 5, 928® 12,750® 321, 100*
stocked/ha 5,500* 7, 500? 
7, 500
10,375? 
5,928* 
10,375°
12,750 321,1007
No. of 135 132 89 180-210 101 149
growing days 132 89
89
180-210
180-210
180-210
101 149
*
Average pravn 24.5 12.7 35.0 35.5 27.5 17
size at 
harvest (g)
12.7 31.0
26.1
31.5
28.4
26.1
39.6 26
Pravn 95.7 48.1 85 90.5 89 63
survival (X) 17.4 85
85
84.5
70.0
95.4
89 60
Pravn Yield 275 322 149 159 490 613
(kg/ha) 322 264
333
131
295
369
705 356
^Juvenile prawns.
2
Post-larval prawns.
3Tilapia.
^Various carp spp.
^Tilapia hybrids.
^Tilapia and carp spp. 
7
Golden shiners.
survival. Cohen and Ra'anan (1983) and Cohen (1984) stocked 1 g 
pravns. Highest stocking densities in these experiments produced 
moderate yields of small (<30 g) pravns. Whereas, their lovest 
stocking densities gave large pravns (>35.0 g) vith lov yields. Scott 
(1986) stocked 0.65 g pravns at a moderate density (37,050/ha) and 
produced high yields, but lov pravn size vith moderate survival. 
Karplus et al. (1986a) stocked 1.9 g juveniles at 20,000/ha, and grev 
large-sized animals, had high survival and excellent yields. Hovever, 
use of large juveniles adds to the expense of a polyculture scheme and 
may not be economically feasible in the southeastern United States.
The biological compatibility of catfish and pravns in polyculture 
has been studied (Table 2). Pravns and catfish fry and flngerlings 
have been cultured together (Huner et al. 1981, 1982, Pavel et al.
1985 and D'Abramo et al. 1986), vith Bilver carp (Hvpothalmlchthyes 
molltrix) and grasB carp (Hiltner et al. 1983), and vith tilapia 
(Iliagift spp.), hybrid Chinese carp (Arlstichthys nobilis X H. 
molltrix) and grasB carp (BehrendB et al. 1985). Early research (1979 
to 1981) on catflsh-pravn polyculture used small (about 0.01 g) 
post-larvae (Huner et al. 1981, 1982). Ponds vere stocked in mid-Hay 
and the pravns and fish harvested in early October. Hean pravn 
survival in these studies ranged from 16 to 57X. Hean pravn sizes and 
yields at harvest varied and ranged from 24 to 37 g, and 122 to 442 
kg/ha, respectively. Stocking larger juvenile pravns at lover 
densities vith catfish produced lov pravn yields (<175 kg/ha ), but 
pravns vere larger 037 g) (Hiltner et al. 1983, D'Abramo et al.
1986). Catfish harvest sizes vere in an acceptable range for
Table 2. Selected results of pravn-channel catfish polyculture 
experiments.
Huner 
et al. 
1981, 
1982
Hiltner 
et al. 
1983
2
Behrends 
et al. 
1985
Pavel 
et al. 
1985
D'Abraao 
et al. 
1986
No. of prawns 25,000 2,500 20,000 4,940 4,942
stocked/ha 25.000
50.000
2.500
2.500
2.500
20,000 4,940
Prawn size <g) and °*013 0. 75? i-a44 0.24 0.524
type at stocking 0.01, 
0.013
0.75?
0.73I
0. 75
0.35 0.013
No. of catfish 50,000 3,750 10,000 7, 410 11,120
stocked/ha 50,000 
74,100
7,500 
100,000 
200,000
7,500 7, 410
Catfish size at 0.5 13 35 66 30-570
stocking (g) 0.5
0.5
13
0.5
0.5
17 66
Grow-out period <days) 140
144
144
107
107
107
107
124-133
138-150
107
107
132-133
Average prawn size at 32 69.6 18.0 31.9 37.2
harvest (g) 37
24
72.2
67.8
67.4
18.9 29.1
Pravn survival (X) 57
16
22
95
95
100
93
81
75
76
85
93
Prawn yield (kg/ha) 442
122
266
168
178
172
158
127
287
121
122
172
9Table 2 (cont.)
Average catfish size 30. a 422.0 180 338.1 690
at harvest (g) 30.0 342.6 263 342.2
30.7 12.1
11.7
Catfish survival (X) 34 47 94 71.5 89
37 51 92 82.5
68 50
41
Catfish yield (kg/ha) S29 734 1,411 1,768 6,977
535 1,306 1,698 2,096
1,547 602
962
Total production 971 902 1,538 1,689 7,149
(kg/ha) 677 1,484 1,985 2,218
1,813 774
1,120
^Silver carp and graas carp also stocked.
2
Tilapia, hybrid carp and grass carp also stocked.
3
Post-larval pravns.
4
Juvenile pravns.
fingerlings (8-48 gt Busch 1985a, p. 48), but vere generally below an 
acceptable range for food fish 0340 g, Jensen 1981). However, only 
107 to 150 days vere allowed for growth which is less than the aaount 
recommended (153-210 days, Huner and Dupree 1984, p. 58) to grow 
fingerlings to marketable size. Moreover, catfish survival was lov 
for both fry and fingerlings. Pry to flngerling survival in well 
managed ponds is about 59 to 72X (Smitherman et al. 1984), and 
flngerling survival to food fish should be about 90X (Stickney 1979). 
Behrends et al. (1985) stocked large (1.8 g) and moderately-sized 
(0.35 g) juvenile prawns at high stocking rates in ponds containing 
catfish. Catfish and pravn survival was high, but harvest sizes and 
yields at harvest for both species vere lov. Pavel et al. (1985) 
demonstrated the effect of pravn size at stocking on pravn size at 
harvest. Pravns stocked at a small size (0.01 g) vere smaller at 
harvest than those stocked at a larger size (0.20 g), vith about the 
sane survival and yields in both treatments. Catfish survival was lov 
(8<83X), average size was marginally acceptable (range, 338-343 g), 
and yields vere lov (*<?,096 kg/ha). D'Abramo et al. (1986) reported 
excellent pravn size (8*37.2 g) and survival (x-93X), but lov yields. 
Catfish survival <x*89X) and yields (x*6,977 kg/ha) vere high, but 
nixed catfish sizes vere stocked to obtain these results. The 
occurrence of nixed catfish sizes in commercial catfish ponds is 
common (Busch 1985a, pp. 59-60).
If farmers are going to culture pravns in catfish ponds, they 
must know the optimal prawn stocking density and size required to 
produce economically favorable yields of market-slze pravns and
11
catfish. Appropriate stocking strategies have not yet been 
Identified.
Materials and Methods 
1984 Pilot Study
Catfish and prawns were polycultured in 1984 to determine growth, 
survival and yield of both species. Eighteen rectangular 0.03-ha 
earthen ponds located at the Ben Hur Research Farm, Louisiana 
Agricultural Experiment Station, Louisiana State University 
Agricultural Center, Baton Rouge, Louisiana were filled with water to 
1 a average depth on 9-11 Hay 1984.
Ponds were stocked with prawns and catfish between 16-24 Hay 
1984. Prawns and catfish were hatched at the Ben Hur Research Farm. 
Prawns, 0.08 ±.0.04 g (x + 1 SD), were stocked at 4,942, 9,864 and 
14,826/ha. Catfish fingerlings, 24 + 13 g <x ±. 1 SD), were stocked at 
9,884/ha. Grass carp, 21 ♦ 14 g (x ± 1 SD), were stocked at 1,233/ha 
on 21 July to control aquatic macrophytes (Table 3).
Catfish were fed 7 days a week in 1984 at 3% estimated body 
weight. Fish were fed at 1000 to 1400 hr with a floating catfish feed 
(32X crude protein, Purina ). Feeding was discontinued on rainy days 
if dissolved oxygen concentrations were less than 1.0 mg/1 in the 
morning. Feeding rates were adjusted every 1 to 2 weeks, assuming a 
feed conversion ratio of 1.Sil. Prawns and grass carp were not fed 
directly. Prawns and catfish were sampled (n*20/speciea) with a seine
Table 3. Experimental design for the 1984 and 1985 catfish-prawn 
polyculture experiments.
Year Treatment Ho. of 
catfis^ 
per ha
No. of 
prawns 
per ha
Prawn 
size at 
stocking 
<fl>
Ho. of 
Grass garp 
per ha
No. of 
ponds
(replicates)
1984 1 9* 884 0 1,235 4
pilot
study 2 9,884 4,940 0.08 1,235 4
3 9,884 9,884 0.08 1,235 5
4 9,884 14,826 0.08 1,235 5
1985 1 7, 410 0 - 25 2
study
2 7,410 4,940 0.15 25 2
3 7,410 4,940 0.70 25 2
4 7,410 9,884 0.15 25 3
5 7,410 9,884 0.70 25 3
6 7,410 14,826 0.15 25 3
7 7,410 14,826 0.70 25 3
^Catfish average size was 24 g in 1984 and 33 g in 1983.
2
Grass carp average size vas 21 g in 1984 and 890 g in 1985. They 
were stocked to control growth of aquatic aacrophytes.
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(15.2-a long X 1.5-a high, 7-mu square sesh) every 4 to 5 weeks to 
estiaate growth and adjust feeding rates. Prawns were weighed to the 
nearest 0.1 g and total length (tip of rostrus to tip of telson) 
aeasured to the nearest ■■. Catfish were weighed to nearest 0.1 g and 
standard length seasured to the nearest ss.
Dissolved oxygen and water teeperature were Measured daily in all 
ponds at about 30-ca depth between 0500 and 0800 hr. Both were 
aeasured with a polarographic oxygen aeter with theraistor (Yellow 
Springs Instruaent Co., Model 57). Water saaples (about 2 1) for 
chlorophyll a, pH, total aaaonla nitrogen and turbidity were taken at 
14-day intervals in each pond between 0800 and 1000 hr. Chlorophyll a. 
concentration was deterained fluoroaetrically with a Turner Model 112 
Fluoroaeter (APHA et al. 1980). Total aaaonia nitrogen and pH were
aeasured with an ion specific electrode and a glass electrode,
(K)respectively (Fisher Accuaet Model 750 Selective Ion Analyzer). 
Un-ionlzed aaaonla was deterained froa total aaaonia nitrogen and pH 
(Boyd 1979). Turbidity (NTU units) was Measured with a Sargent-Welch 
Turbldlaeter (APHA et al. 1980). Total alkalinity (titration with 
HjSO^) and total hardness (titration with EDTA) were Measured (Boyd 
1979) in each pond in Hay, July and Septeaber.
Well water was added to ponds as needed to coapensate for 
evaporation and to Maintain water quality. Low dissolved oxygen was 
Increased in ponds with a puap that recirculated the water.
Teaperature, dissolved oxygen, chlorophyll i, pH, un-ionized 
aaaonla, total alkalinity, total hardness and turbidity were analyzed 
using coapletely randoalzed designs with factorial arrangeaents of
14
treatments. Duncans Multiple Range Tests were used to conpare 
treatnent aeans.
Catfish, prawns and grass carp were harvested after 144 growing 
days on 3-5 October 1984. Catfish and prawns, but not grass carp, 
were counted and weighed. Average growth, survival and yield of 
catfish and prawns and feed conversion rates of catfish were analyzed 
with unbalanced conpletely randomized designs with factorial 
arrangements of treatments. A. priori orthogonal contrasts were used 
to compare treatnent means.
A limited economic analysis was conducted to determine which 
treatment had the greatest profit potential. CoBts and returns for a 
65-ha facility managed by an owner-manager were determined from 
Dellenbarger and Vandeveer (1986). Gross monetary returns were 
computed, assuming a catfish price of 81.47/kg (Anon. 1987b), small 
prawn (45-55 shell-on tails/kg) price of 87.88/kg, medium prawn (34-44 
shell-on talls/kg) price of 88.54/kg and large prawn (<34 shell-on 
talls/kg) price of 810.80/kg (L. de la Bretonne, Associate Specialist, 
Aquaculture, Louisiana Cooperative Extension Service, Baton Rouge, 
Louisiana, personal communication 1985).
1985 Production Study
The same ponds used In the 1984 pilot study were used in this 
study. Ponds were filled to an average depth of 1 m with water on 
9-10 Hay 1985. Prawns, used in this study, were hatched at the Ben
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Hur Research Farm, and catfish vere obtained fros Franklin Catfish 
Grovers and Processors, Wisner, Louisiana.
Catfish, pravns and grass carp vere stocked on 17-23 Hay. Pravns 
vere stocked at tvo sizes, 0.15 ±.0.05 or 0.70 *. 0.23 g <x ±.1 SD) and 
three densities, 4,942, 9,884 or 14,826/ha. Catfish vere stocked at 
one size, 33 ♦. 6 g (x *. 1 SD), and one density, 7.410/ha.
Grass carp, 890 ±. 150 g (x + 1 SD) vere stocked at about 25/ha (1
fish/pond) (Table 3).
Catfish vere fed 7 days a veek according to a schedule
recommended by Dupree (1984) (Appendix 1). A floating ration (32X
crude protein, Purina**) vas fed at 1000 to 1200 and 1400 to 1700 hr. 
Feeding rates vere adjusted as in the 1984 pilot study.
Water management, tests and statistical analyses vere conducted 
in the same manner used in the 1984 pilot study. Hovever, an aeration
(IS)
system consisting of tvo 30-cm long Hilllpore diffusers per pond 
supplied vlth air from a 3.73-kv, low-pressure electric blover (Rotron 
Regenerative Blover, Model DR6). The blover operated automatically 
tvlce daily from 1200 to 1400 hr and 2300 to 0700 hr from 2 June to 3 
October 1985.
Catfish, pravns and grass carp vere harvested 30 September to 3 
October 1985. Statistical analyses vere conducted in the same manner 
used in the 1984 pilot study. A limited economic analysis vas 
conducted at the end of the year to determine vhich treatment had the 
greatest profit potential. Costs and returns vere calculated using 
the same information used in the 1984 Pilot Study.
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Results
1984 Pilot Study
Water teaperature ranged froa 14.4° C to 29.6° C (Table 4).
Water teaperature in the 4,942 pravns/ha treatnent vas significantly 
higher (P<0.05, Appendix 2> than in the other treataents. Dissolved 
oxygen concentration ranged froa 0.1 ag/1 to 12.7 ag/1 (Table 4), and 
did not differ aaong treataents (P=0.83, Appendix 2). However, 
dissolved oxygen levels vere <2 ag/1 in at least one pond on 65 days. 
Chlorophyll a. concentrations ranged froa 29 to 332 ua/1; un-ionized 
aaaonla, 0.00 to 1.00 ag NH^-N/l; pH, 7.2 to 9.4; total alkalinity,
146 to 396 ag/1 as CaCO^; total hardness, 120 to 338 ag/1 as CaCO^; 
and turbidity, 1.5 to 28.0 HTU (Table 4). Chlorophyll a, pH, and 
turbidity differed aaong the polyculture systeas (P<0.05, Appendix 2), 
but un-lonized aaaonia, total alkalinity and total hardness did not 
differ (P>0.05, Appendix 2). Mean chlorophyll a. ranged froa 98 to 178 
ug/1; pH, 8.1 to 8.2; turbidity, 6.9 to 9.3 HTU; un-lonlzed aaaonia, 
0.05-0.07 ag NH^-N/1; total alkalinity, 278 to 311 ag/1 as CaCO^; and 
total hardness, 240 to 281 ag/1 as CaCOg.
Catfish grovn vith pravns at lov and aediua densities, averaging 
293 g and 291 g, respectively, vere larger than catfish grovn alone or 
vith pravns at the high density, averaging 199 g and 248 g, 
respectively (Table 5, P<0.05, Appendix 3). Catfish survival, gross 
yields and feed conversions did not differ aaong the four treataents 
(P>0.05, Appendix 3) and averaged 70X, 1,869 kg/ha and 5.2:1,
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Table 4. Hater quality parameters^ for the 1984 pilot study.
Parameter Prawn density^ (no/ha)
0 4,942 9, 884 14,826
Temperature 22.7 b 
(14.4-29.4) 
565
23.0 a 
(14.4-29.4) 
564
22.7 b 
(14.4-29.4) 
568
22.6 a 
(15.0-29.4) 
428
Dissolved 
oxygen <mg/l)
5.1 a 
(0.4-12.7) 
565
5.0 a 
(0.5-12.3) 
564
5.0 a 
(1.0-11.6) 
568
4.9 a
(0.1-12.2)
428
Chlorophyll a, 
(ug/1)
136 b 
(31-268) 
28
98 b 
(34-277) 
28
178 a 
(67-298) 
28
107 b 
(29-332) 
21
Un-ionlzed 
ammonia (mg/1)
0.07 a 
(0. 00-0.50) 
44
0.06 a 
(0.00-0.45) 
44
0.06 a 
(0.00-1.00) 
44
0.05 a 
(0.00-0. 26) 
33
pH a. i b 
(7.2-8.9) 
44
8.1 b 
(7.7-9.4) 
44
8.1 b 
(7.7-8.4) 
44
8.2 a 
(7.8-9.3) 
33
Total
alkalinity 
(mg/l as CaC03>
296 a 
(176-383) 
12
278 a 
(146-378) 
12
311 a 
(259-390) 
12
283 a 
(164-396) 
9
Total
hardness
(mg/l as CaCO^)
251 a 
(120-323) 
12
240 a 
(129-323) 
12
281 a 
(221-338) 
12
245 a 
(144-335) 
9
Turbidity
<HTU)
9.3 b 
(3.0-25.0) 
44
7.8 be 
(2.0-28.0) 
44
12.6 a 
(2.5-25.0) 
44
6.9 c 
(1.5-15.0) 
33
^Values expressed are means, ranges and saaple sizes. Means followed 
by different letters are significantly different (P<0.03).
2
Catfish averaging 24 g vere stocked at 9,884/ha and grass carp 
averaging 21 g vere stocked at 1,235/ha to control aquatic 
sacrophytes. Average prawn stocking size vas 0.08 g.
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Table 5. Production data* <x + 1 SE) froa the 1964 catfish-pravn 
polyculture experiment.
Species
2
Treatment 
no. of oravnm/ha
0 4,942 9,864 14,826
Catfish
Average 
weight (g)
248+29 c 
4
293+.42 a 
4
291+19 b 
4
199+10 d 
3
Average 
length (mm)
240^10 d 
4
269120 a 
4
250+4 b 
4
22119 d 
3
X survival 77+7 a 
4
77+7 a 
4
6616 a 
4
56+10 a 
3
Gross
Yield (kg/ha) 1,914+377 a 
4
2,251+366 a 
4
1,995+340 a 
4
1,131+227 a 
3
Feed
conversion
5.4+P. 6 a 
4
4.9+0.6 a 
4
4.4+0.9 a 
4
6.1*1.7 a 
3
Prawns
Average 
weight (g)
- 54+4 a 
4
4612 b 
4
34+7 c 
3
Average 
length (mm)
- 156+6 a 
4
156+4 a 
4
140+10 a 
3
X survival - 61+11 a 
4
75+6 a 
4
47ill a
3
Gross
Yield (kg/ha)
- 165+38 a 
4
344+42 a 
4
256+117 a 
3
Data collected after 144 days of growth. Heana followed by 
different letters are significantly different <P<0.05) using a priori 
contrasts. Lower values represent the number of ponds where data 
were collected.
2
Catfish averaging 24 g vere stocked at 9,864/ha and grass carp 
averaging 21 g vere stocked at 1,239/ha to control aquatic 
macrophytea.
respectively. Three major catfish and prawn kills (>90 animals found 
dead), related to low dissolved oxygen levels, occurred over the 
growing season. Ponds where these kills occurred were eliminated from 
the study. Five minor (<22 animals found dead) also occurred. Ponds 
where these kills occurred were included in the study. Prawn size at 
harvest decreased vith increasing density when determined by weight 
(P-0.02, Appendix 4), but not by length (P=0.10, Appendix 4). Prawn 
weights at 4, 492, 9,884 and 14,826/ha averaged 94, 46 and 34 g, 
respectively. Prawn survival and yield did not differ among the 
polyculture systems (P>0.09, Appendix 4), and averaged 62X and 299 
kg/ha, respectively. Neither the monoculture nor polyculture systems 
yielded positive net economic returns (Table 6).
1989 Production Study
Water temperature ranged from 22.8° C in late September to 32.1°
C in late July. Water temperatures in the 4,942 prawns/ha, 0.70 g 
stocking size treatment and the catfish control vere higher than in 
the other treatments (Table 7, P*0.0001, Appendix 9). Dissolved 
oxygen concentration ranged from 0.4 mg/l to 12.4 mg/l (Table 7). 
Dissolved oxygen levels were higher in the catfish control ponds and 
ponds stocked with prawns at 9,884/ha (0.70 g size) than in the other 
treatments (P»0.0001, Appendix 9). Kean dissolved oxygen levels 
ranged from 3.3 mg/l in ponds stocked at 4,942 prawns/ha, 0.19 g 
stocking size and 14,826 prawns/ha, 0.70 g stocking size to 3.9 mg/l 
in control ponds. Chlorophyll ■. concentrations ranged from 92 to 293
Table 6. Coeta and returns on a per hectare bases associated with 
catfish culture on a 64 ha fara and using 1984 pilot study 
prodcution data.
Costs:
9 U.S.
369 
703 
1,272
3,751
1,186
460
139
131
220
4
7
349
408 
6,346
at the folloving densities 0 4.940 9.880 14.826
and size: 0.08 g 9 $0.03 0 148 296 445
Total costs 7,618 7,766 7,914 8, 063
Gross returns 2,813 3,399 4,372 2,651
2
Loss / profit -4,805 -4,367 -3,342 -5,412
^Cost data froa Dellenbarger and Vandeveer (1986).
2
Does not include costs for handling pravns or cost to refill the pond 
after draining.
Fixed:
Depreciation 
Interest on investaent 
Total fixed costs
Operating:
Feed 9 $253 / NT 
Flngerlings 6 $0.12 each 
Fuel
Repairs-aalntenance 
Labor 9 $5 / hr 
Chealcals 
Nitrogen test kit 
Nitrite test kit 
Interest on operating 
capital (12X for 6 
aonths) (charged at 12X) 
Harvesting and hauling 
at $0,066 / kg 
Subtotal operating costs
Cost of stocking pravns
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Table 7. Hater quality paraaeters1 for the 198S production study.
2
Parameter  Pravn denaltv (no/ha)/prawn atockino size
0 4,940/0.15 
4,940/0. 70
9,884/0.15 
9,884/0.70
14,826/0.15 
14,826/0.70
Teaperature
<°C>
28.6 a 
(23. 0-32.1)
28.3 c 
(22.8-31.8)
28.4 c 
(23.1-31.9)
28.5 b 
(23.0-32.0)
28.6 a 
(23.4-31.9)
28.5 b 
(23.1-32.1)
28.2 d 
(23.0-31.8)
Dissolved 
oxygen (ag/1)
3.9 a 
(0.7-9.2)
3. 3 b 
(0.3-8.5)
3.4 b 
(0.4-12.4)
3.6 b 
(0.8-11.6)
3.6 b 
(0.4-9.0)
3.9 a 
(0.9-10.8)
3.3 b 
(0. 6-9.7)
Chlorophyll a. 
(ug/1)
197 a 
(92-293)
175 a 
(121-264)
172 a 
(110-288)
151 a 
(110-198)
159 a
(105-230)
168 a 
(95-248)
162 a 
(119-287)
Un-lonized 
aaaonla (ag/1)
0.01 b 
(0.00-0.03)
0.01 b 
(0.00-0.08)
0.02 b 
(0.00-0.12)
0.01 b 
(0.00-0.09)
0.01 b 
(0.00-0.09)
0.01 b 
(0.00-0.11)
0.04 a 
(0.00-0.16)
PH 7.9 c 
(7.0-8.3)
7.8 c 
(6.9-8.3)
7.9 be 
(6.7-8.3)
8.0 a 
(7.0-8.3)
8.0 ab 
(6.8-8.3)
7.9 abc 
(6.8-8. 4)
7.9 be 
(7.1-8.2)
Total 
alkalinity 
(ag/1 as CaCO^)
269 a 
(216-353)
273 a 
(180-360)
263 ab 
(202-331)
289 a 
(212-346)
270 ab 
(209-338)
278 a 
(202-418)
243 b 
(216-353)
Total
hardness
(ag/1 as CaC03>
208 ab 
(190-268)
201 be 
(172-236)
194 c 
(176-244)
227 a 
(182-288)
208 abc 
(174-260)
204 be 
(174-260)
174 d 
(160-208)
22
Table 7 (cont.)
Turbidity 18 c 17 be 19 b 24 a
(HTU) (3.2-41.0) <2.7-36.0) (4.4-37.0) (4.2-48.0)
19 be 18 be 26 a
(2.7-34.0) (3.9-37.0) <2. 9-53.0)
^Values expressed are aeans and ranges. Means followed by different 
letters are significantly different (P<0.03).
2
Catfish averaging 33 g vere stocked at 7,4104/ha and grass carp 
averaging 890 g vere stocked at 25/ha to control aquatic 
aacrophytea.
ug/1; un-ioniozed ammonia, 0.00 to 0.16 mg NH^-N/l, pH, 6.7 to 6.4; 
total alkalinity, 180 to 416 ag/1 as CaCO^; total hardness, 160 to 266 
ag/1 as CaC03; and turbidity, 2.7 to 53.0 NTU (Table 7). Un-ionized 
aaaonia, pH, total alkalinity, total hardness and turbidity differed 
aaong the polyculture systeas (Table 7, P<0.05, Appendix 5), but 
chlorophyll a. did not differ (Table 7, P>0.05, Appendix 5). Mean 
un-ionlzed aaaonia levels ranged froa 0.01 to 0.04 ag NH^-N/l; pH, 7.6 
to 6.0; total alkalinity, 243 to 269 ag/1 as CaCO^; total hardness,
174 to 227 ag/1 as CaC03; turbidity, 17 to 26 NTU; and chlorophyll a, 
151 to 175 ua/1.
Catfish lengths, weights, survival, grosB yields and feed 
conversions at harvest did not differ aaong treataents (Table 8,
P>0.05, Appendix 6). Hean values vere: weight-427 g; length-291 aa; 
survival-87X; yield-2,741 kg/ha; and feed converslon-2.0:1. Prawn 
weight vas affected by both prawn stocking size (Table 9, P=0.001, 
Appendix 7) and density (P=0.01, Appendix 7). Pravns stocked at 0.70 
g vere an average of 13.6 g larger than pravns stocked at 0.15 g.
Prawn weight and length at harvest decreased vith increasing stocking 
density (P<0.02, Appendix 7). Pravns at 4,942, 9.884 and 14,626/ha
stocking densities averaged 64.8, 54.7 and 51.6 g, respectively.
»
Prawn survival vas affected by stocking size (P=0.02, Appendix 7), but 
not by stocking density (P*0.33, Appendix 7). Survival of prawns 
stocked at the 0.15 g size vas 11% lover than that of pravns stocked 
at the 0.70 g size (Table 9). Survival of pravns stocked at 0.15 g 
also increased vith increasing density, but survival of prawns stocked 
at 0.70 g had decreasing survival vith Increasing density (Table 9,
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Table 8. Channel catflah production data* (x i. 1 SE) froa the 1985 
catfish-prawn polyculture experiment.
2
Treatment : 
no. orawns/ha / Drawn stockino weioht
Keans by 
prawn
0 4,942/.15 
4,942/.70
9,884/. 15 
9,884/. 70
14,826/.15 
14,826/. 70
stocking
size
Average 
weight (g)
412+22 a 414+6 a
453+39 a
454+28 a 
455+19 a
409+15 a 
376+4 a
427+13 a 
432+18 a
Average 
length (am)
28812 a 286+3 a 
304+8 a
296+2 a 
303+2 a
279+3 a 
281+2 a
287*5 a 
297+5 a
X survival 93+2 a 87+0 a 
88+9 a
83+5 a 
83+2 a
89+3 a 
86+11 a
86+2 a 
86+3 a
Cross yield 
(kg/ha)
2,873+ 
85 a
2,601+ 
10 a 
2,965+ 
31 a
2,815+ 
284 a 
2,829+ 
180 a
2,671+ 
36 a 
2,391+ 
332 a
2,708+ 
99 a 
2,743+ 
137 a
Feed
Conversion
1.9+0. 0 a 2.0+jD. 1 a 
2.1+0.1 a
1.8+0.2 a 
2.0+0.2 a
2.2+0.1 a 
2.4+0.3 a
2.0+0.1 a 
2.1+0.1 a
Keans by _ 
prawn density
Average 
weight (g)
433+20 a 454+15 a 396+12 a
Average 
length (aa)
295+6 a 300+6 a 280+2 a
X survival 88+4 a 84+2 a 88+4 a
Gross yield 
(kg/ha)
2,783+ 
106 a
2,822+ 
150 a
2, 559*. 
127 a
Feed
Conversion
2.0+0.1 a 1.9+0.1 a 2.2+0.1 a
*Data were collected after 137 daya of growth. Keane followed by 
different lettere are significantly different (P<0.05).
2
Catfish averaging 33 g were stocked at 7,410/ha and grass carp 
averaging 890 g were stocked at 25/ha to control aquatic aacrophytes.
3
Regardless of prawn size.
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Table 9. Prawn production data* (x +. 1 SE) froa the 1985 
catlish-pravn polyculture experiment.
2
Treatment : 
no. of oravns/ha / Drawn stockina velaht
Means by 
prawn 
stocking 
size
4,942/.15 
4,942/. 70
9,684/. 13 
9,884/. 70
14,626/.15 
14,826/.70
Average 56*1 48*4 48+1 30*2 b
weight (g) 73*6 62*4 57*3 64+3 a
Average 1661.4 155*4 157*2 159*2 b
length (aa) 178*4 167+3 165+4 170*3 a
X survival 41*8 66+4 61+3 58+4 b
68*6 64+6 56+1 69+6 a
Gross yield 110*31 312+42 427*30 305+50 b
<kg/ha)
Means by - 
prawn density
319*3 391*63 471*20 393+34 a
Average 
weight (g)
65*6 a 55+4 b 52+2 c
Average 
length (aa)
172*4 a 161+4 b 161*2 c
X survival 65*14 a 65+4 a 59*21 a
Gross yield 
(kg/ha)
214*62 c 352+38 b 445*21 a
*Data were collected after 137 days of growth. Means followed by 
different letters are significantly different (P<.05).
2
Catfish averaging 33 g were stocked at 7,410/ha and grass carp 
averaging 890 g vere stocked at 25/ha to control aquatic aacrophytea.
3
Regardless of prawn size.
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P=0.04, Appendix 7). Groaa yield vas affected by both stocking aize 
(P*0.01, Appendix 7) and denaity (P*0.0007, Appendix 7). Groaa yields 
of pravns stocked at the 0.70 g aize averaged 86 kg/ha higher then 
that of pravna stocked at the 0.IS g aize (Table 9). Groaa yieids at 
4,942, 9,884 and 14,826 pravns/ha densities vere 214, 352 and 445 
kg/ha, respectively.
Costa and returns for a 65-ha facility aanaged by an 
owner-aanager vere deterained froa Dellenbarger and Vandeveer (1986) 
(Table 10). Catfish sonoculture, 4,942 pravna/ha polyculture and
9.884 pravns/ha polyculture vith 0.15 g pravna had negative net 
econoaic returns. However, polyculture ayateas vith 0.70 g pravna at
9.884 or 14,826 pravna/ha and 0.15 g pravns at 14,826 pravna/ha had 
positive net econoaic returns.
Discussion
1984 Pilot Study
Water teaperatures vere generally conductive to good pravn and 
catfish grovth. Pravna die at teaperatures <13° C (Faraanfaraaian and 
Moore 1978). Values in this experiaent vere alvaya above this Halt. 
Uno et al. (1975) reported that pravn grovth, activity and survival 
vere good vlthin the range of 22 to 33° C. Catfish conauae the aoat 
feed and aake the beat galna vhen vater teaperatures range froa 21 to 
32° C (Lee 1973, p. Ill) and optlaal catfish grovth occurs at 30 to
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Table 10. Costs and returns on a per hectare bases assoclsted with 
catfish culture on a 64 ha fare and using production data 
froa the 1983 production study.
Costs:
♦ U.S.
Fixed:
Depreciation 369
Interest on investaent 703
Total fixed costs 1,272
Operating:
Feed § $253 / HT 2,812
Fingerlinge 6 $0.12 each 889
Fuel 460
Repairs-aaintenance 139
Labor $ $3 / hr 131
Cheaicals 220
Nitrogen test kit 4
Nitrite test kit 7
Interest on operating 
capital (12X for 6 
aonths) (charged at 12X) 349
Harvesting and hauling
at $0,066 /kg 306
Subtotal operating costs 5,357
Cost of stocking pravns $ U.S.
at the folloving densities 0 4.510 9. fifiO, ,. 11.826
and sizes: .15 g $ $0.03 0 148 296 445
.70 g $ $0.03 0 247 494 741
Total costs 6,629 6,777 6,923 7,074
6,629 6,876 7,123 7,370
Gross returns 4,223 4,764 6,680 7,818
4,223 7,443 7,887 7,541
2
Loss / profit -2,406 -2,013 -243 744
-2,406 -680 764 171
*Cost data froa Dellenbarger and Vandeveer (1986).
2
Does not Include costs for handling pravna or cost to refill the pond 
after draining.
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32° C (Kilambi et el. 1970). Heen temperatures In this study were 
within these ranges.
Dissolved oxygen levels were generally conductive to pravn and 
catfish survival. However, dissolved oxygen stress <<2 ag/1) occurred 
in one or sore ponds on 65 days. In these instances oxygen stressed 
catfish and prawns vere observed piping or lying along pond edges. 
Emergency aeration was conducted when this occurred, but insufficient 
emergency aeration equipment made it difficult to keep all ponds 
aerated when necessary. Three major 050 animals found dead) catfish 
and pravn kills appeared to be oxygen related. Ponds where this 
occurred vere deleted from the study. Dissolved oxygen levels 
normally recorded in catfish ponds range from less than 3 mg/l in the 
early morning to greater than 15 mg/l in the afternoon (Boyd et al. 
1979). Swingle (1969) reported that catfish generally grew well when 
dissolved oxygen values exceeded 5 mg/l and could survive levels less 
than 1 mg/l for a few hours. Andrews et al. (1973) reported that 
catfish mortalities are probably not a result of low (2 to 3 mg/l) 
chronic oxygen levels, but are more likely a result of acute exposure 
to levels much less than 2 mg/l. They also reported that grovth was 
affected when dissolved oxygen levels vere below 60X saturation (4.9 
mg/l at their test temperature of 26.6° C. Sharp (1976) demonstrated 
that small pravns (0.2 g dry weight) vere not stressed when dissolved 
oxygen levels vere greater than or equal to 2.1 mg/l. Oxygen levels 
in this study vere generally adequate for catfish and pravn survival, 
but not for good grovth.
Un-ionlzed aaaonla, pH, total alkalinity, total hardnaaa, 
chlorophyll a. and turbidity vere generally within ranges where catfish 
and prawns can grow. Catfish growth is adversely affected by 0.09 to 
0.99 ag/1 un-ionized aaaonia (Colt and Tchobanoglous 1978). Aaaonia 
levels in this study were at the lower end of this range. Un-ionized 
aaaonia tolerance Halts have not been identified for juvenile or 
adult pravns. However, 144-hr LC^'s ranged froa 0.28 to 1.35 ag/1, 
depending on pH, for larval pravna (Sandifer and Saith 1985, p. 85). 
Presuaably older anlaals can withstand siallar or higher levels. The 
lover llait was exceeded on one saapllng date, but decreased within a 
day to below the tolerance level aentioned for larvae. Optiaal ranges 
of pH for catfish and pravns are 6 to 9 (Swingle 1961) and 6.0 to 10.5 
(Sandifer and Saith 1985, p. 85), respectively. The pH levels in this 
experlaent vere within these ranges. Acceptable total alkalinity 
levels for catfish range froa about 20 to >300 ag/1 as CaCO^ (Hart et 
al. 1945). Hart et al. (1945) recoaaended that total hardness should 
be >100 ag/1 as CaCO^ . Little is known about the total alkalinity and 
total hardness requireaents for prawns. However, total hardness 
values above 180 ag/1 as CaCO^ have occasionally been associated with 
pravn aortalltles in South Carolina (Sandifer and Saith 1985, p. 86). 
Crlpps and Hakaaura (1979) reported decreasing grovth vith increasing 
hardness over a range of 65 to 500 ag/1 as CaCO .^ In general, good 
catfish production occurs when chlorophyll i, is 90 to 200 ug/1 (Boyd 
1979). Chlorophyll a. levels in this experlaent vere within this 
range. Presuaably this range is also acceptable to pravn production. 
Turbidity vas generally related to chlorophyll a. concentrations.
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Since chlorophyll & levels vere within an acceptable range, it is 
likely that turbidity vas also acceptable.
Grass carp vere stocked to control aquatic aacrophytes, but no 
data vere collected on then. Ho evidence suggests that they affect 
catfish (Jensen 1984) or pravn (Cohen et al. 1983) production when 
stocked at rates used in this study.
Catfish generally did not reach aarket size, 350-600 g (Huner and 
Dupree 1984, p.58), in the aonoculture or polyculture systeas.
Several factors were probably responsible. First, Insufficient tiae 
say have been allowed for grovth. Approxiaately 153-210 days are 
usually required to grow aarket-size catfish froa the fingerling size 
stocked in this experlaent (Huner and Dupree 1984, p.58). In this 
study, however, there vere only 144 growing days. Second, lov 
dissolved oxygen levels in the aornings aay have inhibited catfish 
feeding (Lovell 1977). Dissolved oxygen levels in at least one pond 
vere below 2 ag/1 on 65 days, and fish vere off-feed in aany of these 
instances. Third, the strain of catfish (LSU strain) used in this 
experlaent has shown slower grovth than other strains in experiaental 
studies (Saitheraan and Dunhaa 1985, p. 315). Also, feeding rates in 
this study vere restricted to a aaxiaua of 56 kg/ha to reduce the 
frequency of low dissolved oxygen levels in the aornings. Catfish 
faraers, however, feed as such as 84 to 164 kg/ha at stocking rates 
siallar to those used in this study (Huner and Dupree 1984, p.58). An 
increase in the feeding rate aay have allowed greater grovth. Catfish 
at lov and aedlua pravn densities grew larger than fish in high 
density or control ponds. Why this occurred is uncertain, but a
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synergistic reaction nay have facilitated catfish grovth at lov and 
sedius pravn densities.
Catfish survival vas lov, averaging 70X. In general, catfish 
survival should be about 90X (Stickney 1979). Lov dissolved oxygen 
killed soae fish directly. Hlnor fish kills <<6 fish found 
dead/occasion) occurred five tises during the study. Snake predation 
also appeared to be severe. On eight occasions snakes vere observed 
eating catfish.
Catfish yields vere lov, averaging 1,822 kg/ha. Yields should be 
about 3,818 kg/ha in ponds stocked vith 9,880 fish/ha < Huner and 
Dupree 1984, p. 60). Lov catfish survival rates and saall sizes at 
harvest contributed to the lov yields. Hovever, results indicate that 
catfish production vas not inhibited by the presence of pravns because 
there vas no difference in yields betveen control ponds and those 
containing pravns.
A cosaercially acceptable pravn size is 30 g (33 pravns/kg), but 
Bauer et al. (1983) reported that retailers prefer pravns in the 
sedius size range, 45-56 g (18-22 anisals/kg), or larger. Pravns 
larger than 30 g vere attained in this study. Hovever, pravns grovn 
at the highest (14,826 pravns/ha) density vere only slightly above the 
sinisus size requiresent, and vould have sold at a lover price than 
those grovn to a sedius size at 4,942 and 9,884 pravns/ha. Large 
pravns, >56 g (<18 anisals/kg), vere not produced even at the loveat 
density. To attain this size say require that stocking density be 
reduced to a level utilized by Hlltner et al. (1983), larger pravns 
stocked, or the pravns fed. Pravn size at harvest is affected by
pravn density (Brody et al. 1980, Perry et al. 1980, Halecha et al. 
1981, Cohen and Ra'anan 1984, Cohen 1984, Wohlfarth et al. 1985 and 
Karplus et al. 1988a) and initial stocking size (Karplus et al.
1986b). Hovever, stocking size effects can be obscured by other 
factors such as differences in vater quality or survival (Behrends et 
al. 1985, Pavel et al. 1985). The relationship betveen size and 
density is poorly understood and cannot be deterained by coabining 
data froa other studies conducted under different envlronaental 
conditions. This study only provided inforaation on density. Grovlng 
tlae can also affect final harvest size. Pravns probably could have 
been stocked earlier in the year, but it is unlikely that they could 
have been harvested such later since teaperatures vere approaching 13° 
C, vhlch is the lover lethal teaperature for pravns (Paraanfaraaian 
and Hoore 1978).
Pravn survival vas lov and averaged only 44X. Predation by 
aquatic insects aay account for soae aortallty. Saall cravflsh 
(Procaabarus clarkii and £. acutus acutus) are preyed upon by aquatic 
insects (Huner and Barr 1984, pp. 100-101). Presuaably saall pravns 
could also be sought as prey by insects. Lov dissolved oxygen also 
accounted for soae aortallty. Hinor kills of pravns (<22 aniaals 
killed/occasion) occurred four tiaes. No evidence has been found of 
catfish eating pravns (Lilyestroa 1986). Therefore, it seeas unlikely 
this could account for the lov survival. Average pravn survival vas 
lov In coaparlson to other studies. Only Huner et al. (1981 and 1982) 
had survival near that observed in this study. Other studies have had 
survival above 90X (eg., Hiltner et al. 1983, D'Abraao et al. 1986).
Pravn yields averaged 25S kg/ha and did not differ aaong the 
treataents. Ponds stocked at 4,942 pravns/ha produced a fev large
pravns vhile ponds stocked at 9,884 and 14,826 pravns/ha produced
increasing nuabers of saaller pravns. Pravn yields vere vithin ranges
reported for other catfish, tllapia and carp spp./pravn polyculture
studies (121 to 333 kg/ha) (Brick and Stickney 1979, Huner et al.
1981, 1982, Halecha et al. 1981, Cohen and Ra'anan 1983, Hiltner et 
al. 1983, Behrends et al. 1985, Pavel et al. 1985 and D'Abraao et al. 
1986). Yields froa this study are probably too lov for development of 
large scale aarketing scheaes requiring large voluaes on a year-round 
basis. Hovever, farmers nay be able to market pravns through local 
markets as a seasonal product.
Net economic returns are important to potential pravn farmers. In 
this study the monoculture and polyculture treatments had negative net 
econoaic returns. Hovever, the polyculture systems at the 4,942 and
9,884 pravns/ha densities appeared to have less loss than the catfish 
monoculture system. For a catfish-pravn polyculture scheme to become 
economically successful pravns vill have to reach marketable sizes 
vithin one groving season and catfish vill either have to be sold or 
moved to other ponds for continued grovth if they are sub-aarketable. 
These prerequisites did not occur in the 1984 catfish-pravn 
polyculture experiment. The 1985 experiment vas therefore designed to 
achieve this goal by minimizing oxygen problems, decreasing catfish 
stocking density and increasing catfish feeding rates.
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1985 Production Study
Water teaperatures vere generally conductive to good pravn and 
catfish grovth. Teaperatures vere above 13° C for pravns 
(Faraanfaraalan and Hoore 1978) and aean teaperatures vere vithin the 
range vhere catfish and pravns can grov (Uno et al. 1975-pravns, Lee, 
p.111-catfish).
Dissolved oxygen concentrations vere also generally conductive to 
pravn and catfish survival. Oxygen levels less than 2 ag/1 vere 
recorded, but catfish vere not observed piping nor vere pravns found 
along pond edges vhen they occurred. Presuaably both catfish and 
pravns aoved to areas near aerators vhen dissolved oxygen levels 
became stressful. Dissolved oxygen measurements vere taken at a point 
farthest avay froa the aerators and aay not have represented the 
actual conditions in vhlch the aniaals vere living. Instead, they 
represent the lovest probable limit in vhlch they could have been 
found. Dissolved oxygen levels vere also probably above those 
detrimental to pravn (Sharp 1976) and catfish (Andrevs et al. 1973) 
grovth.
Un-ionlzed aaaonia concentrations averaged 0.02 ag NH^-H/1 for 
all treatments and vas less than the range vhere catfish (Colt and 
Tchobanoglous 1978) and pravns (Sandifer and Saith, p. 85) are 
adversely affected. Average pH (7.9) vas also vithin the range for 
good catfish (Svingle 1961) and pravn production (6-10.5, Sandifer and 
Saith 1985, p.85). Average values for both total alkalinity and total 
hardness vere above 200 ag/1 as CaCOg. These values are vithin the
35
presumed range vhere catfish are not adversely affected (Hart et al. 
1945). Hovever, the hardness value is high enough to have potentially 
retarded pravn grovth (Cripps and Nakamura 1979, Sandifer and Smith 
1985, p. 88). Average chlorophyll i. concentration vas 163 ug/1, vhlch 
is in the reported range for good fish production is 90 to 200 ug/1 
(Boyd 1979). Turbidity vas generally related to chlorophyll & 
concentrations. Since chlorophyll a levels vere vithin an acceptable 
range, it is likely that turbidity vas also acceptable.
Grass carp vere stocked to control aquatic macrophytes, but no 
data vere collected on them. No evidence suggests that they affect 
catfish (Jensen 1984) or pravn (Cohen et al. 1983) production vhen 
stocked at rates used in this study.
Catfish velght, length, survival and yield did not differ among 
control ponds and ponds containing pravns, suggesting that pravns did 
not affect catfish production. Several previous studies (Pavel et al. 
1985 and D'Abramo et al. 1986) also found pravns did not adversely 
affect catfish production. Catfish generally reached a commercially 
harvestable velght (range 376-455 g) in all treatments, exceeding the 
lover limit of 350 g identified by Huner and Dupree (1984, p. 58). 
Improved results obtained in 1985 are due to several reasons. First, 
dissolved oxygen stress vas reduced by the aeration system.
Therefore, fish continued to feed throughout the groving season.
Second, larger catfish fingerlings vere stocked than in the previous 
year and feeding rates vere increased to levels used by commercial 
farmers (Robinson and Lovell 1984). Both of these increased the 
potential for greater grovth. Catfish feed conversions vere vithin
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the 1.3 to 2.0 range reported by coaaercial catfish grovera (Jensen 
1981).
Average catflah survival ranged froa 83 to 93X and vas considered 
acceptable (Stlckney 1979). Survival percentages were also siallar to 
those reported by Behrends et al. (1985), 73 to 81%, and D'Abraao et 
al. (1986), 93X, and higher than those reported by Pavel et al.
(1985), 76 to 85X. The ponds used by Pavel et al. (1985) were also 
used In this study. The laproveaent In catfish survival case froa 
laproved water aanagesent and iaproved snake control. During the 
study 106 snakes (Heredia spp.> were reaoved froa the laaediate study 
area. Members of this genus are known predators of fish and 
crustaceans (Morris 1974). Snake reaoval undoubtedly reduced catfish 
predation and increased survival. Nevertheless snakeB were observed 
eating catfish on two occasions.
Overall catfish yield obtained in this study (2,735 kg/ha) vas 
slightly below that considered acceptable for a stocking density of 
7,410 catfish/ha. Huner and Dupree (1984, p.60) reported that catfish 
stocked at 7,410 fish/ha should yield about 3,334 kg/ha. However, 
yields froa this study were higher than those reported by Behrends et 
al. (1985) and Pavel et al. (1985). In the Behrends et al. (1985) 
study catfish survival (>92X) vas high, but average fish size vas 
small (180-263 g) and yield vas poor (1,411-1,698 kg/ha). In the 
Pavel et al. (1983) study catfish size (338-342 g) and survival 
(72-82X) were low and catfish yield vas low (1,768-2,096 kg/ha). The 
catfish yield obtained in this study vas lover than that reported by 
D'Abraao et al. (1986) who used a multiple-slze (range, 30-570 g)
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catfish stocking strategy. Their stocking strategy, coupled with good 
survival, resulted in a high yield (7,149 kg/ha), but reaains to be 
tested vith higher prawn densities.
Prawn size results froa the 1985 study confiraed the Inverse 
relationship between prawn density and harvest weight and length at 
two juvenile stocking sizes. As stocking density increased froa 4,942 
prawns/ha to 14,826 prawns/ha, prawn size decreased. Cohen and 
Ra'anan (1983) and Cohen (1984) whose polyculture studies were 
conducted with various carp and tilapia species found the sane 
relationship. Apparently the saae density phenoaenon applies in ponds 
containing catfish. Also, as prawn stocking size increased from 0.15 
to 0.70 g, harvest weight and length increased. These results agree 
with those of Karplus et al. (1986a) who used tilapia and carp in 
their studies. However, Behrends et al. (1985) and Pavel et al.
(1985) could not demonstrate this effect in their catfish-pravn 
polyculture studies. However, Behrends et al. (1985) stocked larger 
prawns and Pavel et al. (1985) stocked smaller prawns than those used 
in the 1985 experiment. Stocking size effects on harvest Bize nay 
only be significant in the range utilized in the 1985 study.
Survival was significantly affected by prawn stocking size, but 
not by stocking density. As stocking size increased, average survival 
increased by 11%. A direct effect with stocking size has been 
reported by Behrends et al. (1985). However, Pavel et al. (1985) and 
Karplus et al. (1986a) could not confirm this observation. Pavel et 
al. (1985) reported the opposite relationship between survival and 
stocking size. Their survival vas higher at the smaller stocking size
38
(8SX) than at the larger stocking size (76X). Karplue et al. (1986a) 
stocked large juvenile prawns (0.6 to 1.9 g> and found no difference 
In their survival. Juvenile stocking sizes of about 0.6 g or larger 
say be sufficiently large to not be affected to the sane degree or by 
the sane nunber of factors responsible for nortalltles at stocking 
sizes less than about 0.6 g.
Prawn yields were affected by stocking size and density.
Stocking 0.70-g prawns inproved prawn yield by an average of 88 kg/ha, 
and a 100X Increase In the stocking density increased yield by an 
average of 46X (116 kg/ha). Similar results were reported by Cohen 
and Ra'anan (1983) and Cohen (1984) for stocking density and by 
Karplus et al. (1986a) for stocking size. Cohen and Ra'anan (1983) 
and Cohen (1984) used prawn stocking densities sinilar to those used 
in the 198S study, but stocked tilapia and carp instead of catfish. 
Prawn yields in the Cohen and Ra'anan (1983 ) and Cohen (1984) studies 
were sinilar to those calculated in the 198S study and ranged from 131 
to 369 kg/ha. Karplus et al. (1986a) stocked 0.6 g and 1.9 g 
juveniles. The size increase improved prawn yields from 490 to 705 
kg/ha. The size effect was not, however, observed by Pavel et al. 
(1985) who stocked 0.01 g and 0.2 g prawns and obtained yields of 121 
and 122 kg/ha, respectively. It is possible that their prawn sizes 
were too similar to observed any size effect.
Cange et al. (1986) summarized 7 years of prawn monoculture and 
polyculture experiments. Prawn yields were low (<450 kg/ha) when 
densities of less than 24,700 prawns/ha were used, but improved as 
densities were increased. However, prawn size variation at harvest
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Increased and survival decreased as pravn stocking rates Increased 
above 24,700 prawns/ha. Low yields (<430 kg/ha) say prevent 
establishaent of catflBh-prawn polyculture unless prawns can be 
harvested without draining ponds or unless prawns can be grown 
separately froa the catfish. One solution nay be to grow prawns in 
cages placed In catfish ponds. This idea has already been tried in 
Israel with proaising results (Sagi et al. 1986).
In the 19BS study prawns in saall (43-55 shell-on tails/kg), 
aedlua (34-44 shell-on tails/kg) and large (<33 shell-on tails/kg) 
size categories were produced. These aniaals aarketed at an 
ex-warehouse price as head-off, shell-on tails aay bring S7.86, 98.54 
and 910.80/kg for the snallest to largest size categories (L. de la 
Bretonne, Louisiana Cooperative Extension Service, Baton Rouge, 
Louisiana, personal coaaunlcation 1985). Catfish in 1986 averaged 
91.47/kg in the round (Anon. 1987b). Total gross returns were 
determined using these values. Net econoalc returns, determined by 
subtracting costs froa gross returns, indicated that catflah 
monoculture, low (4,942 prawns/ha) density polyculture with saall 
(0.15) or large (0.70 g) prawns and aediua (9,884 prawns/ha) density 
polyculture using saall prawns will produce negative net returns. 
However, a aediua prawn density with large prawns and a high (14,826 
prawns/ha) density with either saall or large prawns will produce 
positive net returns. However, to obtain these results costs for 
medicated feeds, coats for refilling a pond after it has been drained, 
and costs for handling the prawns were not included. Returns could 
have been improved by stocking catflah at a higher density. Rates as
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high as 11,100 flsh/ha are currently being used (Busch 1985a, p. 58). 
However, Wellborn (1985) recoaaends that inexperienced farmers use 
7,410 fish/ha. The lover level used in this study represented the 
latter condition. Farmers could use a catfish-prawn polyculture 
scheme, in ponds which are going to be drained in the fall. However, 
they must determine costs for their own operations. Factors such as 
additional cost to separate catfish from prawns at harvest and whether 
the strategy would fit marketing schedules remain to be determined.
Summary and Conclusions
The objectives of this study were to determine the influence of 
prawn stocking size and density on catfish and prawn growth, survival 
and yield in a polyculture system and to identify polyculture stocking 
schemes that would yield positive economic net returns.
1984 Pilot Study
Channel catfish (24 g) were stocked at 9,884/ha and prawns (0.04 
g) were stocked at 4,942, 9,884 or 14,828/ha and grown for 144 days. 
Grass carp (21 g) were stocked at 1,235/ha to control aquatic 
aacrophytes. Important conclusions froa this study are as follows:
1. Catfish in all treatments generally did not achieve market 
size 0350 g) because of low dissolved oxygen level stress, 
insufficient number of growing days, the slow growing strain 
of fish used in the experiment and low feeding rates. Low
market sizes have been a general problea in other studies 
where saall fingerling catfish were used. To obtain 
market-size catfish in one growing season, larger catfish 
will have to be stocked. Catfish size did not differ between 
treataents with and without prawns, suggesting that the two 
species are biologically coapatible.
Catfish survival vas about 20X lover than what is noraally 
reported in coaaercial catfish ponds. Low survival was 
probably due to aortallty caused by low dissolved oxygen 
kills and snake predation. Survival will have to be iaproved 
if acceptable yields are to be obtained. Survival also did 
not differ between treataents with and without prawns, 
suggesting that the two species are biologically coapatible. 
Catfish gross yields were low (<2,334 kg/ha) because of low 
survival and low average size at harvest. Gross yields will 
have to be iaproved for the polyculture strategy to becoae 
economically viable in the southeastern United States.
Prawn harvest size was acceptable (>30 g) at all densities 
tested, but anlaals in the largest aarket size category (>36 
g) were not produced. Large prawns could substantially 
improve gross yields and gross returns, thus iaproving the 
feasibility of culturing prawns with catfish. Increasing 
harvest size aay be possible by stocking larger, aore 
expensive prawns. Increasing the growing season aay also be 
possible, but at greater risk of aortallty due to cold 
temperatures.
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5. Prawn survival was low, averaging 62X. Low survival was
probably due to aortallty caused by low dissolved oxygen
levelB and insect predation on small prawns. Catfish do not 
appear to consume prawns. Survival will have to be increased 
to improve yields.
6. Gross prawn yields were low, averaging less than 300 kg/ha, 
due to low survival. Gross prawn yields will have to be 
increased to allow marketing beyond the local level.
7. A limited economic analysis showed that net economic returns
were negative given the production obtained in this study.
1385 Production Study
In 1985 the same prawn densities were tested, but at two 
separately stocked prawn Bizes (0.15 vs. 0.70 g). Catfish (33 g) 
stocking density vas 7,410/ha and catfish feeding rates were 
increased. Grass carp (890 g) were stocked at 25/ha to control 
aquatic macrophytes. The growing period was 137 days. Dissolved 
oxygen vas increased by adding an aeration system. Major conclusions 
from this study are as follows:
1. Catfish harvest size, survival and yields were not affected 
by prawn size or density and averaged 427 g, 87X and 2,741 
kg/ha. Average catfish size vas marketable; survival was 
similar to that seen in commercial ponds. Catfish size, 
survival, yield and feed conversion did not differ among the 
treatments with and without prawns, suggesting that prawns
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did not affect catfish production.
2. Increasing prawn stocking size froa 0.15 to 0.70 g increased 
harvest size by 13.6 g, but increasing the stocking density 
decreased harvest size. Both factors will have to be 
considered to detersine potential harvest sizes that can be 
achieved within growing season tesperature constraints.
3. Prawn survival vas affected by stocking size, but not by 
stocking density. An increased stocking size iaproved 
survival, but these anisals will be sore expensive to stock. 
Economics of stocking larger animals needs to be considered 
more closely.
4. Gross prawn yields were increased by increasing prawn 
stocking size and density. Potentially larger sizes and 
higher densities could be used. Increasing then to higher 
levels may allow the development of markets beyond the local 
level due to increased product volune.
5. Positive economic net returns were achieved by stocking saall 
(0.15 g) prawns at 14,826/ha or large prawns (0.70 g) at 
either 9,884 or 14,826/ha.
Constraints to catfish-pravn polyculture still exist. First, the 
availability of seed prawns will have to increase. Second, better 
harvesting procedures which separate prawns from catfish at harvest or 
while the anisals are growing need to be developed. Finally, 
additional marketing studies are needed to detersine prices in local 
markets. Until larger volumes of prawns can be grown, markets will 
have to remain small.
PRAWN HARVESTING CONSTRAINTS
Literature Review
In tropical countrlea prawns are harvested at 2 to 4 week 
intervals with a size-selective seine to remove sarket-size anisals. 
Ponds are not routinely drained (New and Singholka 1982). In 
temperate countries prawns are typically harvested in batches by 
draining ponds (Brody et al. 1980, Arleli and Rappaport 1982, Huner et 
al. 1982, Hiltner et al. 1983, Pavel et al. 1983, Wohlfarth et al. 
1983, D'Abraao et al. 1986, and Karplus et al. 1986a, 1986b). The 
batch method of prawn harvest conflicts with the current method of 
harvesting catfish where pondB are not drained, but rather a 
size-selective seine is used to remove only market-size fish (Busch 
1983a, p. 38). For each catfish harvested, one catfish fingerling is 
restocked. This method has not been well studied from an economic 
perspective. Busch (1984) compared mixed and single catfish size 
stocking strategies to simulate continuous and batch production 
schemes, respectively. The continuous production scheme did not 
increase fish yields and resulted in poorer feed conversion rates when 
compared to the single-size stocking scheme. However, continuous 
production systems provided a year-round supply of fresh fish and 
improved cash flow to farmers (Busch 1983a, p. 60). Continuous 
production ponds are drained periodically for levee maintenance or to 
eliminate undesirable fishes (Wellborn 1983). Farmers could stock
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prawns in the year that those ponds are scheduled to be drained.
Marketing of prawns must also be considered. Low product 
availability could Halt earket development. If prawns could be 
harvested without draining ponds, then all catfish grow-out ponds 
could be stocked to increase the voluse of prawns necessary to develop 
aarkets.
Knowledge of prawn activity patterns and location preferences in 
ponds nay allow developaent of efficient trapping schemes that capture 
prawns without draining ponds. Nakaaura (1975) found that nature 
prawns on a 12:12 hr light cycle had a circadian activity pattern with 
aost activity occurring in the dark. He further stated night activity 
vas probably associated with feeding. Unfortunately, little is known 
about prawn behavior that can be used to develop a prawn specific 
harvesting method. Sandlfer and Smith (1985, p. 81) stated that late 
premolt and early postmolt prawns are frequently found in shallow, 
vegetated areas along pond margins. Intermolt prawns, however, occur 
in deeper, more protected areas. Peebles (1980) found that pre- and 
postmolt prawns preferred deep areas in laboratory tanks. But, when 
they were paired with intermolt animals they were displaced to 
shallower areas. Sandlfer and Smith (1979) noted that prawns 
exhibited a preference for edges of habitats in nurseries. Whether 
nature prawns prefer pond margin habitats la not known. However, if 
they do, then trapping prawns along pond edges nay be possible.
Tags have been used to examine the behavior of aquatic animals. 
Neal (1969) reported that wrapping a wire with an attached label 
around penaeld shrimp at the junction of the cephalothorax and abdomen
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vas retained and did not danage the anlaal. Other aethods of tagging 
shriap have included notching uropods, eye stalk ablation, vital 
staining by lnnersion, feeding stained food or injecting dyes, 
spraying vith fluorescent plgaents, tattooing, injecting radioactive 
Materials, and attaching external or inplanting internal tags (Farner 
1981). Host of these Methods are expensive or have been used to track 
aninals over long periods rather than short periods.
The use of attached floats to aquatic organians is an inexpensive 
Method for tracking aninals. This Method has been used vith fish 
(Hasler et al. 1958, Hasler and Wlsby 1958, Stevens and Tieneyer 1961, 
Winn et al. 1964, Jahn 1966, HcCleave 1967, Randolph 1976, Hedved 
1982, and Hedved and Harshall 1983). Stasko (1971) reported Methods 
that alloved fish greater novenent, such as attaching ultrasonic 
devices. He corroborated conclusions reached vith float tracking 
Methods. Therefore, an adequate Method say be to track pravns vith 
floats. Tagging CBn retard grovth of penaeid shriap (Penn 1975) and 
increase vulnerability of the tagged anlnal to predation (Costello and 
Allen 1962). Thus, floats should be used for only short periods.
Haterials and Hethods
Tagging Study
In Septenber 1985 blue clav sales, orange clav Males, berried 
feaales and non-berrled fannies (Cohen and Ra'anan 1983) fron the 
ponds used in the previous study vere tagged. Three randon pravns
were tagged per pond. A 1.8-kg test aonofllaaent line was tied around 
each prawn at the junction of the abdoaen and cephalothorax and pasaed 
through a loop made in one end of a 1.5-a, stainless steel wire (Fig. 
1). A numbered plastic float (2.5-cm dlaaeter) was attached at the 
other end of the wire (Meal 1969). Beginning at 0200 hr on the day 
after tagging occurred prawn positions were plotted on a aap (Fig. 2 
every 4 hours for up to 48 hr. At the end of the second day all 
prawns were released. To iaprove the statistical analysis 4-hr 
observations and the four prawn aorphotypes were pooled into diurnal 
versus nocturnal and sale versus female categories. A chi-squared 
analysis was performed to determine if prawns preferred deep versus 
shallow and middle versus periphery areas of ponds. Activity was 
determined by counting the number of cells prawns moved through per 
unit time. Data on prawn activity were analyzed using a completely 
randomized design.
Trapping Study
A two-funnel, stand-up crawfish trap and box trap with a slit 
entrance (Fig. 3) were evaluated in September for harvesting prawns. 
Two-funnel, crawfish traps measured about 60-cm high X 40-cm wide X 
20-ca across and were constructed of plastic coated 2.0-cm hexagonal 
wire mesh. Funnels were about 19-cm long and constricted to about a 
4-cm diameter opening. Box traps measured 30-cm high X 60-cm long X 
30-cm wide and were also constructed of plastic coated 2.0-cm 
hexagonal wire mesh. Slit entrances were about 30-cm long X 7-cm deep
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Figure 1.
CD
Diagraa of aethod used to tag prawns} A-aonofilaaent line, 
B-1.5-S stainless steel wire and C-plastic float. Prawn 
redrawn froa Forster and Wickins (1972).
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Figure 2.
••••Aerator
__1__
 StandpipeO
Map of pond shoving sections for aarking experiment. Cells 
A-F aade up the shallow end of the pond. Cells G-L aade up 
the deep end of the pond. Cells E and H vere designated as 
the aiddle and all other cells vere considered to be on the 
periphery. Trap placeaent locations for the trapping study 
are indicated by X's.
so
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Figure 3. A. Two-funnel stand-up crawfish trap with light at top. 
B. Box trap with light at top.
and constricted to about a 4-ca opening into the trap. White light 
(approxiaate wavelengths ranged froa about 4,0000 to 7,000 A, <23 
luaens) froa a 6-volt flashlight (Eveready, Hodel 315S7) and a 
coaaercial crawfish bait (Purina®^ were tested as attractants in both 
traps. Siailar traps without light or bait served as controls. Four 
traps, two of each type, vere deployed in each of six ponds (one in 
each prawn stocking density-stocking weight coabination). Traps were 
placed two to a side along the two long pond banks about 15-a apart in 
approxiaately 50 to 80 ca of water (Fig. 2). One crawfish trap and 
one box trap per pond vere llluainated by a light directed froa about 
50-ca overhead. The other two traps served as controls. Trap sets 
started two hours after dusk and teralnated 10 to 12 hr later. The 
nuaber of pravns caught per trap set was recorded.
In a second experiaent four traps vere deployed as in the light 
attractant experiaent, but crawfish bait vas substituted for light. 
Trap sets started in the aorning and continued for either 12 or 24 hr. 
In both experiaents trapping continued for 3 days. The nuaber of 
prawns caught per trap set vas recorded.
Data froa both studies vere statistically analyzed together vith 
a spllt-plot design. Prawn density vas in the aaln-plot and set tiaes 
and trap type-attractant coabinations vere in the sub-plot.
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Results 
Tagging Study
Floats attached to pravns vere sore difficult to see during the 
night (30X of the tagged anisals vere observed) than during the day 
(70% of the tagged aninals vere observed) (Table 11, P*0.0001,
Appendix 8). Percentages of observations by sex did not differ 
(54X-feaales, 46X-sales). Pravns vere equally distributed by depth 
(P>0.05, Appendix 8), hovever, there vas a significant interaction 
betveen depth and sex (P=0.004, Appendix 8). Feaales vere found sore 
frequently in shallov vater and sales vere found sore frequently in 
deep vater (P<0.05, Appendix 8). Regardless of tise, 32.IX of the 
observations vere fenales in shallov vater, 21.2X vere fesales in deep 
vater, 21.7X vere sales in shallov vater and 24.8X vere sales in deep 
vater.
Pravns overall vere equally distributed on the pond bottos (Table 
11, P»0.05, Appendix 8). Adjusting for the nuaber of cells, 47.9% of 
the observations vere on pravns found an the periphery and 52.IX vere 
on pravns found in the siddle. There vas, hovever, a significant 
interaction betveen bottos location and sex (P»0.01, Appendix 8). 
Fesales vere found sore frequently in the siddle of ponds and sales 
vere sore frequently found on the periphery. Regardless of tise, 23X 
of the observations vere of fesales on the periphery, 25X vere of 
sales on the periphery, 32X vere of fesales in the siddle and 21X vere 
of sales in the siddle.
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Table 11. Pond location percentages for pravns by depth and bottoa 
topographical position by tise of day and sex.
Position Tine of Day* Sex Percentage of . 
all observations
Depth2
Shallov Day Feaale
Hale
22.5
15.2
Night Feaale
Hale
9.8
6.5
Deep Day Feaale
Hale
13.7
18.5
Night Feaale
Hale
7.5
6.3
Bottoa „ 
position
Perlneter Day Feaale
Hale
15.2
16.5
Night Feaale
Hale
7.5
8.7
Middle Day Feaale
Hale
24.2
14.5
Night Feaale
Hale
7.3
6.0
1Day=0600-1800 hr, Nlght-2000-0200 hr.
2
Shallov*upper half of pond, Deep*lover half of pond (see Fig. 1).
3
Perlaeter*outer pond coordinate cells, Hiddle«inner pond coordinate 
cells (see Fig. 1). Average cell size vas 8.1 i X 3.3 s.
*Data vere collected during September 1983 for 2 days at 4-hr 
Intervals. The 4-hr observations vere pooled into day versus night 
for analyses.
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Pravn movement did not differ by sex or time of day (Table 12, 
P«0.09-sex, P*0.16-time of day, Appendix 6). Pravna aoved about 0.65 
unit cellB/4-hr period. Unit cell eizea varied, but averaged 6.1 ■ X 
3.3 a. Average distance betveen cell centera vaa 6.7 a. Therefore,
average distance aoved vaa 4.4 m/4-hr period <6.7 X 0.65).
Trapping Study
j
Tvo trap designs, tvo attractants and tvo set tiaes vere tested. 
Control tvo-funnel, stand-up cravfiah traps, lighted tvo-funnel, 
stand-up cravfish traps and lighted box traps failed to capture pravns 
and vere eliainated froa further analysis. A single analysis vas 
performed on the reaainlng data. The three other trap combinations, 
tvo-funnel, baited cravfish trap, baited box trap and non-baited box 
trap vere ineffective in capturing pravns (Table 13), averaging 0.07 
pravns/set (n*16 sets/trap-attractant-set time combination). No 
differences in catch among trap designs (P*0.51, Appendix 9) or set
times (P*0.62, Appendix 9) vere observed.
Discussion
Tagging Study
Pravns in this study vere evenly distributed by depth and bottom 
topographical position regardless of time of day. Hovever, males and 
females appeared to prefer different pond areaa. Hales vere found
ss
1 2 Table 12. Average nuaber of coordinate cells aoved per 4-hr period
( xi l  SE) by pravns by tiae of day and sex.
Sex Tiae of Dav^ Hean
Day Night
Feaale 0.52+0.16 0.42+0.18 0.47+0.12 a
Hale 1.03+0.21 0.57+0.18 0.86+jD. 15 a
Hean 0. 79+JD. 14 a 0.49+0.12 a
*Heans followed by the saae letter are not significantly different 
<P>0.03).
2
Average cell size vas 8.1 a X 3.3 a.
3
Day=0600-1800 hr, Night>2000-0200 hr. Data vere collected during 
Septeaber 1985 over a 2 day period at 4-hr Intervals. The 4-hr data 
vere pooled into day versus night for analysis.
56
Table 13. Average number1 of pravna (S i. 1 SE) caught in three types 
of traps set for tvo lengths of time.
Set Tise Tran Tvoe Hean
Box trap 
without bait
Box trap 
vith 
cravfish 
bait
Cravfish trap 
vith crawfish 
bait
12 hr 0.10+0.06 0.06+0.06 0 0.06+0.03 a
24 hr 0.04+0.04 0.17+0.08 0.04+0.04 0.08+0.03 a
Hean 0.07+0.04 a 0.12+0.05 a 0.04+0.04 a
MeanB are an average of 18 trap sets per attractant per set tiae (3 
days X 6 traps). Means followed by the saae letter are not 
significantly different (P>0.05).
2
Lighted crawfish traps, lighted box traps and control cravfish traps 
without any bait failed to capture pravns.
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■ore frequently In deep areas. Whereas fesales were sore frequently 
found in the shallow areas. Possibly the larger size and aggressive 
behavior of sales forced fesales into the shallow areas. Hales were 
also predosinant on the pond periseter. This say be a result of the 
blue claw and orange claw sale populations' territorial behavior 
(Cohen and Ra'anan 1983). The location providing the greatest asount 
of distance between aninals would be on the pond periseter. Perhaps 
sales soved to this area to aaxinize distances between thenselves. 
Fesales, responding to the location of sales, could have been forced 
into pond centers.
No differences were observed in prawn novenent with respect to 
sex and tise of day. The later result differs fron that of Nakanura 
(1975) who reported that prawns vere nost active at night. If prawn 
novenent in ponds does not differ by tise of day, then trapping 
systens will probably be equally effective regardless of tine of day. 
Hovever, pravns found on the pond periseter were sostly sales. Thus, 
traps placed in these areas nay have an increased chance of capturing 
sales. Trapping systens should resove all narket-size aninals.
Results fros this study suggest trap placenent should be placed 
throughout a pond which is sinilar to the systea used in crawfish 
ponds (Huner and Barr 1984, p. 69).
Tapping Study
Trapping is affected by three factors. First, traps oust be 
designed for aninals to enter and not escape. Second, an attfractant
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aust be supplied to entice anisals to enter the trap. Third, trap set 
tiaes have to occur vhen anisals are active and sust be sufficiently 
short to decrease the chance of escape (Roaaire and Osorio 1988). 
Because no difference vas found betveen the cravfish trap vith bait 
(0.04 pravns/set) and the box trap vith bait (0.17 pravns/set), it 
appears that the less restrictive opening of the box trap did not 
isprove trap catchabllity. The result differs froa that of Pflster 
(1982) vho found that cravfish traps vith three funnels (less 
restrictive) caught aore cravfish than traps vith only one or tvo 
funnels (aore restrictive).
Catches for box traps vith 12 hr set tiaes (0.06 pravns/set) and 
24 hr set tiaes (0.08 pravns/set) did not differ. Thus, short set 
tiaes should be eaployed to increase the nuaber of trap harvests per 
day. Roaaire and Osorio (1986) reported that cravfish apparently 
leave traps once they becoae satiated or vhen the bait is gone. They 
also found iaproved or equal catches vith set tiaes of 12 to 14 hr as 
opposed to 24 hr.
Tvo types of attractants (vhite light and cravfish bait) vere 
evaluated. Barnes (1980, p. 721) stated that light aay be an 
iaportant factor controlling activity patterns in bottoa duelling 
shriaps. Light froa the six-volt flashlights diaaed vithin 8 to 9 hrs 
and vas alaost extinguished by 12 hours. Pravns aay have coae to the 
traps vhen light vas at an attractive intensity. Hovever, results 
froa this study do not support this hypothesis. If it vas true, then, 
at least one pravn vould have probably been found in a trap vith 
light. But, traps vith light contained no pravns after 12 hours.
Several alternative hypotheses could explain these results. For 
exaaple, pravns could have coae to the traps and then escaped after 
light levels becaae suboptiaal. Light intensities or wavelengths 
attractive to pravns aay not have been used. Finally, pravns could be 
photonegative instead of photopositive. All of these hypotheses or 
coabinations of then could explain the results. If, hovever, pravns 
are photophobic, perhaps light could be used to selectively "herd” 
thea into an area vhere they could be captured.
Coaaercial artificial baits are currently used to capture 
lobsters (Hoaarua spp. ) and crabs (Callinectes saoidus). Previous 
studies have found that aaino acid alxtures are not as effective as 
natural baits (Hackle and Shelton 1972, Hackle 1973 and Allen et al. 
1975). Attractants, including blood seal and powdered eggs (Collazo 
1901), aenhaden aeal (Pollock 1902, Cange et al. 1903, Burns 1904), 
fish protein hydrolysate, catfish aeal (Cange et al. 1903), catfish 
oil (Collazo 1901, Pollock 1902, and Cange et al. 1903) and fish 
solubles and cravfish waste (Burns 1904) have also been tested vith 
cravfish. Henhaden and catfish seals vere the aost effective of these 
attractants. The comaerclal bait used in this study contained fish 
aeal as an attractant. It vas aore effective than light for 
attracting prawns. Hovever, bait aade no difference in box traps; 
thus its effect is uncertain. Reviews of attractants (Heinen 1900, 
and Heyers 1906) suggest that continued research is needed. 
Particularly L-glutaaic acid, glycine, taurine and betaine HC1 should 
possibly be tested as attractants for prawns since they show proalse
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for other crustaceans such as lobsters and crabs and are inexpensive 
(Heinen 1960).
Sussarv and Conclusions
The objectives of this study vere to describe teaporal activity 
patterns and spatial preferences of harvest-size pravns (>30 g) and to 
test sethods for selectively harvesting pravns. Blue clav sale, 
orange clav male, berried feaale and non-berried feaale pravns in the 
1985 study vere tagged vith floats and observed on a dally basis to 
deteraine activity patterns and location preferences. In addition, 
tvo trap designs (tvo-funnel stand-up cravfiBh traps and a box trap 
vith a slit entrance), tvo attractantB (vhite light and coaaercial 
cravfish bait containing fish aeal) and tvo set tiaes (12 and 24 hr) 
vere tested to see vhich coabination vas aost effective. Iaportant 
conclusions froa these experiaents are as follovs:
Tagging Study
1. Hale pravns vere found aore frequently in' deeper vater and on 
pond periaeters. Feaales vere found aore frequently in 
shallov vater and the alddle of the ponds. Trapping systeas 
vill have to cover the entire pond to capture all aarket-size 
anisals.
2. Pravn aoveaents did not vary by tiae of day. Therefore, 
trapping systeas vill probably not have better success at
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different tiees of the day, aeeueing other factors such as 
response to bait attraction do not change.
Trapping Study
1. Neither trap design was effective in capturing prawns. More 
effective traps should be designed.
2. Crawfish bait was sore effective at attracting prawns than 
white light. However, additional research will be needed to 
deteralne if other types of light and chesicals would be 
nore effective attractants.
3. Set tises of 12 and 24 hr were equally effective in capturing 
prawns.
Recoasendations for future research are to continue testing 
artificial cheslcal attractants which appear to be aore effective than 
light and can probably be detected by prawns at greater distances. 
Prawns that escaped froa traps aay have also biased results. Escape 
rates need to be deterained and appropriate traps designed to ainiaize 
losses.
SAMPLING BIAS AND GROWTH STUDIES
Literature Review
Gear selectivity of seines, cast nets and other capturing devices 
on catfish and prawns in grow-out ponds is poorly known. Prather 
(1969) reported that large catfish appeared to be caught sore 
frequently by angling than snail catfish in ponds. Busch (1985b, p. 
553) discussed rough grading of large catfish with selective nesh-slze 
seines. He reported that seine grading is affected by the degree of 
crowding, water tenperature and tine that fish are allowed to grade. 
Seine hauls that capture large nunbers of fish, are conducted in cold 
water, or provide insufficient tine for grading result in greater size 
variation of aninals retained by the seine.
Several studies have been conducted to deternine the best type of 
capture gear to use in a variety of situations. For exanple, Hartnan 
(1984) exanined the relative selectivity of several types of trawls, 
throw-traps, and a seine for both fish and Invertebrates in an 
esturlne-aarsh environnent. He found that a long-haul seine captured 
the nost species and generally the nost Individuals of the gear types 
tested. Weinstein and Davis (1980) conpared the collective efficiency 
of seine and rotenone saapling. Efficiency of the seine ranged froa 
60.6-78.OX. However, they could not deaonstrate a consistent pattern 
of efficiency for individual species with regard to sex, age or water 
tenperature. Kushland (1974, 1981) exaalned drop traps and found they 
were 99X efficient at renoving fish species present within the space
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encompassed by a trap. However, approxiaately 20 sasples (drops) were 
needed to show no bias against fish larger than 20 as.
Growth estimates based on sampling may be biased in studies where 
sampling selectivity exists (Gulland 1983). Accurate growth curves, 
however, are needed to adjust feeding rates and determine when prawns 
should be harvested.
Variation in growth of catfish and prawns is poorly known.
HcGinty (1980) found that variation in length for catfish increased as 
mean length increased, and that lengths of fish fed at 0.5X of total 
body weight were more positively skewed that fish fed at 5.OX of total 
body weight. Fujimura and Okamoto (1972) examined prawn length 
changes over a 4-month growing period in ponds. Their data suggest 
that prawn length variation also increases as the mean length 
increases. Smith et al. (1978) examined prawn weight variation by sex 
after 137 to 181 days of growth and found that females exhibited 
unimodal, approximately normal distributions over a relatively narrow 
size range. However, males exhibited markedly skewed, bi- or 
multimodal distributions over a comparatively broad size range. 
Additional research is needed to determine how length and weight 
variation changes over a growing season for growth durations less than 
140 days.
Materials and Methods
Eighteen ponds previously used in 1984 and 1985 were filled with 
water on 12-14 Hay 1986. Prawns averaging 0.014 ♦. 0.002 g (x +. 1 SD)
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were stocked on 19 Hay at 4,942, 9,684 or 14,826/ha. Catfish 
averaging! 52 + 12 g (x ±, 1 SD) were stocked into all ponds on 20 Hay 
at 7,410/ha. GrasB carp averaging 1.25 + 0.25 kg (x +. 1 SD) were 
stocked at 25/ha for control of aquatic sacrophytes (Table 14). All 
animals were obtained froa the Ben Hur Research Fare. Fish feeding 
and water sanageaent practices were as in the 1985 production study, 
but the aeration system was modified to increase oxygen transfer. A 
single 6-m long tube with 2-am holes drilled about 23 cm apart 
replaced the two diffuser tubes.
Hethods for Sampling Catfish and Prawns
Two ponds from each prawn stocking density treatment were sampled 
48, 92 and 139 days post-stocking of catfish and prawns. Catfish and 
prawns were sampled first with a 1.5-m diameter, 12-mm square-mesh 
cast net. Four net tosses were made per pond; two in the morning and 
two in the evening. The next day the same ponds were seine (15.2-m 
long X 1.5-m high, 7-mm square-mesh) sampled and a maximum of 20 
catfish and 20 prawns per pond were measured and weighed as described 
in the 1985 study. After sampling was completed, the six ponds were 
drained and lengths and weights of all prawns and catfish were 
recorded. Length and weight data from the cast net and seine samples 
were compared with the population data acquired after the ponds were 
drained. Data were statistically analyzed with completely randomized 
designs with split-plot arrangement of treatments. Harvesting date
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Table 14. Stocking strategy for the 1986 catflsh-prawn polyculture 
study.
Treatment1 Ho. of catfish2 
per ha
3
No. of prawns 
per ha
No. of ponds 
(replicates)
1 7,410 4,942 6
2 7, 410 9,884 6
3 7,410 14,826 6
^Grass carp (1-2 kg) vere stocked at a rate of 25/ha In all ponds to 
control aquatic sacrophytes.
2
Catfish weighed an average of 52 g.
3
Prawns weighed an average of 0.01 g.
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and pravn density were In the main-plot and aethod of harvesting was 
in the sub-plot.
Catfish and Pravn Growth and Production
Data on water quality parameters were collected and tested in the 
same manner used in the 1984 and 1985 production studies. Statistical 
analyses of treatments were performed by growing periods using 
completely randomized designs with factorial arrangements of 
treatments. Duncans Multiple Range Tests were used to compare 
treatment means.
Catfish and pravn growth models were evaluated using analyses of 
covariance. When significant differences were found in growth 
equations, analysis of regression was used to determine which curves 
differed. Catfish and prawn size variation unadjusted for mean size 
after 48 and 139 days were analyzed using F-tests. Catfish and pravn 
size variations were also analyzed using the Taylor Power Lav (Elliott 
1971), which standardizes length and weight variances by the mean 
lengths and weights, respectively. End of season production data for 
both species were analyzed using completely randomized designs with 
factorial arrangements of treatments. A priori orthogonal contrasts 
were used to compare treatment means.
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Results
Hethods lor Sampling Catfish and Prawns
Catfish captured with the cast net were smaller and catfish 
caught with the seine were larger than the mean size of the population 
as determined in the draining census (Table 15, P<0.05, Appendix 10). 
Conversely, prawns captured with the cast net or the seine did not 
differ in size from the population census at draining (Table 16,
P>0.05, Appendix 10). Pravn stocking density did not affect either 
the catfish or pravn results (P>0.51, Appendix 10), but harvesting 
date was significant in all analysis <P<0.03, Appendix 10). Catfish 
mean sizes ranged from 173 to 425 g and pravn mean sizes ranged from 
2.6 to 34.8 g.
Catfish and Prawn Growth and Production
Hater temperature ranged from 24.6° C in mid Hay to 33.3° C in 
early August (Table 17). Hater temperatures in the first two sampling 
periods (days 1-92) did not differ among the treatments (P>0.05, 
Appendix 11). However, the water temperature in the 9,884 prawns/ha 
treatment was lover (P<0.05, Appendix 11) than in the other treatments 
during the last sampling period (days 93-139). No other significant 
differences were found between treatments. Dissolved oxygen 
concentrations ranged from 0.7 to 10.0 mg/1 (Table 17). Dissolved 
oxygen levels did not differ among treatments in the first sampling
68
Table 15. Average catfish lengths and weights (x ♦ 1 SE) fros
treatsents containing three densities of prawns taken on 
three harvesting dates using three saspling sethods.
Method2 Nusber of davs after stockina Means
48 92 139
Length (an)
Cast Net 201±12 238+6 259+37 225+10 c
Seine 219+8 261+3 300+8 260+9 a
Pond Draining 208+4 249+3 284+6 247+8 b
Means 209+5 c 250+3 b 288+7 a
Height (g)
Cast Net 159.3+30.4 244.1+23.3 301.1+133.6 215.9+29.3 c
Seine 198.1+20. 0 305.9+14.5 482.6+43.8 328.5+32.4 a
Pond Draining 160.5+8.1 265. 0+16.4 409. 0+26.4 278.2+26.7 b
Means 173.4+11.8 c 275.1+11.4 b 424.7+30.2 a
Values are averages of 6 ponds; 2 stocked at 4,342 prawns/ha, 2 
stocked at 9,884 prawna/ha and 2 stocked at 14,826 prawns/ha. Prawns 
averaged 0.01 g when stocked. Means followed by different letters 
are significantly different (P<0.05). Catfish averaging 52 g were 
stocked at 7,410/ha and grass cafp averaging 1.50 kg were stocked at 
25/ha to control aquatic aacrophytes.
2
Cast net sasples were captured using four net tosses per pond. Seine 
sasples were captured using a aaxiaua of 2 hauls per pond.
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Table 16. Average pravn lengths and weights (x ♦. 1 SE) froa ponds 
containing three densities of prawns taken on three 
harvesting dates using three saspling aethods.
Method^ Nuaber of davs after atockina Means
48 92 139
Length (as)
Cast Net 74*4 119+7 146+12 113+13 a
Seine 65+2 114+4 143+5 108+8 a
Pond Draining 66+2 112+4 140+5 106+8 a
Means 67+1 c 114+3 b 143+3 a
Weight (g)
Cast Net 3.3+0.7 18.1+6.6 39.3+11.2 20.2+.6* 4 a
Seine 2.4+0.2 14.5+1.6 34.6+4.0 17.2+3.5 a
Pond Draining 2.5+0.2 14.6+1.5 32. 8+3. 9 16.7+3.3 a
Means 2.6+.0. 2 c 15.3+1.4 b 34.8+2.9 a
Values are averages of 6 ponds; 2 stocked at 4,942 pravns/ha, 2 
stocked at 9,864 pravns/ha and 2 stocked at 14,826 pravne/ha. Prawns 
were stocked at an average weight of 0.01 g. Means followed by 
different letters are significantly different (P<0.05). Catfish 
averaging 52 g were stocked at 7,410/ha and grass carp averaging 1.50
kg were stocked at 25/ha to control aquatic aacrophytes.
2
Cast net saaples were captured using four net tosses per pond. Seine
sasples were captured using a aaxiaua of 2 hauls per pond.
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Table 17. Water quality paraaeters* for the 1986 polyculture study.
2
Saapling Paraseter  Prawn_density__(no/ha)______
period (days) 4,942 9,884 14,826
1-48 Tenperature
<°C>
Dissolved
Chlorophyll & 
(ug/1)
Un-ionized
annonia
(ag/1)
pH
Total
alkalinity 
(ng/1 as CaC03>
Total 
hardness 
(ag/1 as CaCO^)
Turbidity
(KTU)
49-92 Tgnperature
28.8 a 28.8 a 28.9 a
24.6-31.6) (24.6-31.5) (24.7-31.6)
288 288 288
4.5 a 4.4 a 4.6 a
(1. 2-8.7) (1.4-10.0) (1.5-10.0)
288 288 288
176 a 190 a 173 a
(115-219) (115-294) (123-258)
24 24 24
0.004 ab 0.004 a 0.003 b
000-0.013) (0.000-0.017) (0.000-0.005)
24 24 24
7.9 a 7.9 a 7.9 a
(7.5-8.2) (7.3-8.2) (7. 3-8.2)
24 24 24
388 ab 380 b 409 a
(383-393) (376-385) (391-428)
i 6 6 6
361 a 361 a 394 a
(361-361) (361-361) (357-432)
i 6 6 6
18.1 a 15.8 a 14.3 a
(4.3-28.0) (5.0-30.0) (3.9-28.0)
24 24 24
30.1 a 30.0 a 30.1 a
27.2-33.2) (27.0-33.3) (27.3-33.2)
168 168 168
Dissolved 3.1 a 2.3 c 2.7 b
oxygen (ag/l> (0.8-9.4) (0.7-6.2) (0.7-5.3)
168 168 168
Chlorophyll ■. 167 a 165 a 140 b
(ug/1) (129-218) (113-275) (116-224)
12 12 12
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Table 17 (cont.)
Un-ionlzed 
aaaonla (G 
(ag/1)
0.001 a 
1.000-0.004) 
12
0.006 a 
(0.000-0.024) 
12
0.013 a 
(0.000-0.114) 
12
PH 8.1 a 
(7. 5-8.4) 
12
8.1 a 
(7.5-8.4) 
12
8.1 a 
(7.5-8.3) 
12
Total
alkalinity 
(ag/1 as CaCO^)
371 a 
(336-396) 
4
353 a 
(317-380) 
4
380 a 
(354-393) 
4
Total
hardness
(ag/1 as CaCO^)
309 a 
(242-370) 
4
296 a 
(222-366) 
4
315 a 
(256-370) 
4
Turbidity
(NTU)
24.2 a 
(4.1-43.0) 
12
24.5 a 
(5.0-43.0) 
12
21.7 a 
(4.2-41.0) 
12
93-139 Tenperature 28.5 a 
(°C> (25.7-30.3)
94
28.2 b 
(25.6-30.1) 
94
28.5 a 
(23.8-30.6) 
94
Dissolved 
oxygen (ag/1)
3.0 a 
(1.2-5.4) 
94
2.4 b 
(0. 7-5.0) 
94
3.1 a 
(1.1-6.1) 
94
Chlorophyll & 
(ug/1)
166 a
(120-227)
6
160 a 
(124-250) 
6
146 a 
(110-181) 
6
Un-lonized 
aaaonla (0. 
(ag/1)
0.008 b 
000-0.076) 
6
0.022 a 
(0.000-0.099) 
6
0.009 b 
(0.000-0.083) 
6
pH 8.1 a 
(7.3-8.3) 
6
8.0 a 
<7.5-8.3) 
6
8.0 a 
(7.4-8.3) 
6
Total
alkalinity 
(ag/1 as CaCO^)
336 a 
(299-406) 
2
373 a 
(313-409) 
2
345 a 
(276-404) 
2
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Table 17 (cont.)
Total 291 a 292 a 270 a
hardness (202-379) (216-366) (182-374)
(ag/1 as CaC03) 2 2 2
Turbidity 24.4 a 23.3 a 28.5 a
(NTU) (3.9-41.0) (4.0-51.0) (4.0-57.0)
6 6 6
*Values expressed are aeans, ranges and saaple sizes. Keans followed 
by different letters are significantly different (P<0.05).
2
Catfish averaging 54 g were stocked at 7,410/ha and grass carp 
averaging 1.25 kg were stocked at 25/ha to control aquatic 
aacrophytes. Average prawn stocking size was 0.01 g.
period tP>0.05, Appendix 11), but they did differ In the second and 
third saapling periods (P<0.03, Appendix 11). Kean values ranged froa 
2.3 to 3.1 ag/1 In saapling period tvo and froa 2.4 to 3.1 ag/1 in 
saapling period three. Chlorophyll a. concentrations ranged froa 110 
to 294 ug/1; un-ionized aaaonla, 0.000 to 0.099 ag NH^-N/1; pH, 7.3 to 
8.4; total alkalinity, 276 to 428 ag/1 as CaC03; total hardness, 182 
to 432 ag/1 as CaC03; and turbidity, 3.9 to 57.0 NTU (Table 17). In 
the first saapling period chlorophyll i, pH and turbidity did not 
differ aaong the treataents (P>0.05, Appendix 11), but un-ionized 
aaaonla, total alkalinity and total hardness did differ (P<0.05, 
Appendix 11). Mean chlorophyll a ranged froa 173 to 190 ug/1; pH 
averaged 7.9, turbidity, 14.3 to 18.1 NTU; un-ionized aaaonla, 0.003 
to 0.004 ag NH3-N/1; total alkalinity, 380 to 409 ag/1 as CaC03; and 
total hardness, 361 to 394 ag/1 as CaC03> In the second saapling 
period chlorophyll a, differed aaong the treataents (P<0.05, Appendix 
11). Un-ionized aaaonla, pH, total alkalinity, total hardness and 
turbidity did not differ (P»0.05, Appendix 11). Hean chlorophyll a 
ranged froa 140 to 167 ag/1; un-ionized aaaonla, 0.001 to 0.013 ag 
NH3~N/1; pH averaged 8.1; total alkalinity, 353 to 380 ag/1 as CaC03; 
total hardness, 296 to 315 ag/1 as CaC03; and turbidity, 21.7 to 24.5 
NTU. In the third saapling period un-ionized aaaonla, differed aaong 
the treataents (P<0.05, Appendix 11), but chlorophyll a, pH, total 
alkalinity, total hardness and turbidity did not differ (P>0.05, 
Appendix 11). Hean un-ionized aaaonla ranged froa 0.000 to 0.099 ag 
NH3-N/1; cholorphyll a, 146 to 166 ug/1; pH, 8.0 to 8.1; total
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alkalinity, 345 to 373 ag/1 as CaCO^f total hardness, 270 to 291 ag/1 
as CaC03; and turbidity, 23.3 to 28.5 NTU.
Catfish and prawn growth curves for length and weight were 
expressed with cubic aodels (Figs. 4 and 5). Catfish growth 
deteralned by length (P»0.64, Appendix 12) and weight <P*0.06,
Appendix 12) curves did not differ by density. However, pravn growth 
deteralned by length (P»0.04, Appendix 12), but not by weight (P®0.54, 
Appendix 12) curves differed aaong the three densities. Growth rate 
was less at the 14,826 pravns/ha than at 4,942 or 9,884 pravns/ha.
Catfish length and weight variation unadjusted for aean length 
and weight, respectively, Increased froa Hay to October (Figs. 6 and 
7, P<0.001, Appendix 13). Catfish length variation adjusted for aean 
length did not change over the saae tiae period <P=0.12, Appendix 14), 
but weight variation adjusted for aean weight decreased over the first 
48 days and then reaained constant (P*0.02, Appendix 14). Adjusted 
length and weight equations for size variation in catfish are as 
follows:
Log(Length Variance)8-3.22*2.58*(Log(Length Hean))*b«(Date)
Date>48 days, b*0.29
Date892 days, b*0.06
Date8139 days, b«0.00
Log(Weight Varlance)>-2.06+2.48»(Log(Weight Hean))+b«(Date)
Date*48 days, b*0.37
Dates92 days, b«0.08
Date*139 days, ba0.00
Variation in pravn length and weight unadjusted for aean length 
and weight, respectively, increased froa Hay to October (Figs. 8 and 
9, P<0.05, Appendix 13). Length variation adjusted for aean length
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also changed and was lowest at 48 days post-stocking, Increased by 92 
days, but then decreased by 139 days to a level Intermediate between 
the 48 and 92 days (P=0.009, Appendix 14). Pravn weight variation 
adjusted lor mean weight Increased throughout the growing period 
(P*0.006, Appendix 14). Adjusted length and weight equations for size 
variation in prawns are as follows:
Log t Length Variance)*2.37-0.002*(Log(Length Hean))+b» (Date)
Date=48 days, b*-0.23
Date=92 days, b»0.03
Date*139 days, b>0.00
Log(Height Variance)*0.10+1.30*(Log(Height Hean))+b»(Date)
Date*48 days, b=-0.40
Date*92 days, b»-0.03
Date*139 days, b»0.00
Catfish survival averaged 95X and did not differ from 48 to 92 
days (P*0.85, Appendix 15) nor was catfish survival influenced by 
prawn density (P=0.29, Appendix IS) (Table 18). Pravn survival 
averaged 6SX and did not differ from 48 to 92 days (P=0.73, Appendix 
IS) nor was pravn survival influenced by prawn density (P*=0.17, 
Appendix 13) (Table 18). However, there was a significant interaction 
between pravn density and sampling date for pravn survival (P»0.03, 
Appendix IS), but no clear pattern was exhibited (Table 18).
After 139 growing days catfish grown with 9,884 pravns/ha 
averaged 327 g and weighed less than catfish (432 g) grown with 4,942 
prawns/ha or with catfish (447 g) grown with 14,826 pravns/ha (Table 
19, P*0.004, Appendix 16). The same effect was also seen in harvest 
length (P*0.003, Appendix 16). The 9,884 prawns/ha density treatment 
had a lover gross yield of catfish (2,242 kg/ha) than the 4,942
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Table IB. Catfish and pravn survival^ (x i 1 SE X) after 48, 92 and 
139 days In the 1986 catflsh/pravn polyculture study.
Pravn density2 
(no / ha)
3
Huaber Df davs after atockinc Keans
48 92 139
Catfish
4,942 100i0 96+3 9614 97+2 a
9,884 63+33 95+1 93+6 64+11 a
14,826 94+6 94+3 96i0 95+2 •
Keans 66+11 a 95*1 a 95+2 a
Prawns
4,942 62110 9211 7713 7716 a
9,884 69+0 78+3 44+89 6417 a
14,826 70+1 43+23 7419 6219 a
Keans 67+3 a 71H1 a 6517 a
*Keans are averages of 2 ponds. Those followed by the saae letter are 
not significantly different (P>0.03).
2
Catfish averaging 32 g were stocked at 7,410/ha and grass carp 
averaging 1.50 kg were stocked at 23/ha in all treataents to control 
aquatic nacrophytes.
3
Catfish were stocked at an average weight of 52 g. Pawns were 
stocked at an average weight of 0.01 g.
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Table 19. Catfish and pravn production data1 (x 1 1 SE) after 139 
days fros the 1986 catfish-prawn polyculture experlsent.
Species
2
Treataents 
(Ha. of prawns / ha)
4,942 9,884 14,826
Catfish
Average 
weight (g)
452±2 a 327H7 c 447+12 b
Average 
length (aa)
294±1 a 267i3 b 29414 a
Yield (kg/ha) 3,2521207 a 2,242127 c 3,182198 b
Prawns
Average 
weight (g)
43±4 a 24i4 a 32i3 a
Average 
length (aa)
15214 a 12818 a 14H3 a
Yield (kg/ha) 164121 b 105136 c 34719 a
^Values are the seans of 2 ponds per treatment. Those followed by 
different letters are significantly different (P<0.03).
2
Catfish averaging 52 g were stocked at 7,410/ha and grass carp 
averaging 1.50 kg were stocked at 25/ha in all treataents to control 
aquatic aacrophytes.
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pravns/ha (3,252 kg/ha) and the 14,826 prawns/ha (3,182 kg/ha) 
treataents (P*0.009, Appendix 16).
After 139 growing days weights and lengths of prawns did not 
differ aaong the prawn treataents (Table 19, P>0.05, Appendix 17).
Hean lengthB and weights ranged froa 120-152 aa and 24-43 g, 
respectively. Gross yields differed aaong the prawn densities 
(P=0.02, Appendix 17), and averaged 164 kg/ha at 4,942 prawns/ha, 105 
kg/ha at 9,884 kg/ha and 347 kg/ha at 14,826 prawns/ha.
PlBCUBBlPI)
Methods for Saapling Catfish and Prawns
Cast netted and seined saaples of catfish did not yield average 
length or weight aeasureaents that reflected true population 
paraaeters. Saaples obtained by using a cast net under-estiaated true 
length and weight paraaeters deterained froa coaplete saapling. 
Possibly the cast net used in this study was too snail. Larger 
anlaals aay have been able to escape aore easily by virtue of their 
size or nobility. Further research will be necessary to deteraine if 
this is true. Catfish saaples obtained by using a seine, however, 
gave length and weight aeans greater than the true population aeans. 
Why this occurred is also not clear. The aesh size of the seine was 
saall enough to retain all anlaals in the study. Therefore, it seeas 
unlikely that saall catfish escaped aore easily through the seine than 
larger catfish. However, pond bottoas were not flat. Hinor
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variations in bottoa topography aay have allowed nailer fish to 
escape under the seine. Additional research will be needed to 
determine why seine saaples over-estimated true population paraaeters.
Cast netted and seined saaples were equally good at estimating 
true population paraaeters for prawns. Either aethod should be 
acceptable for deteraining prawn growth rates. Cast netting had the 
advantage of requiring less time and required only two Individuals to 
sample 18 ponds. Seining required a crew of five or aore individuals 
to capture, transport and measure animals, but caught aore animals 
than cast netting.
Catfish and Pravn Growth and Production
Water temperatures were generally conductive to good pravn and 
catfish growth. .Teaepratures were above 13° C for prawns 
(Faraanfaraalan and Hoore 1978) and aean temperatures were within the 
range where catfish and prawns can grow (Uno et al. 1975-prawns, Lee, 
p. 111-catfish).
Dissolved oxygen levels were also generally conductive to pravn 
and catifsh survival. Oxygen levels less than 2 ag/1 were recorded, 
but catfish were not observed piping nor were prawns found along pond 
edges when they occurred. Presumably both catfish and prawns aoved to 
areas near aerators when dissolved oxygen levels became stressful. 
Dissolved oxygen measurements were taken at a point farthest away from 
the aerators and nay not have represented the actual conditions in 
which the animals were living. Instead, they represent the lowest
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probable Halt in vhich they could have been found. Dissolved oxygen 
levels vere also probably above those detriaental to prawn (Sharp 
1976) and catfish (Andrews et al 1973) growth.
Un-ionized aaaonla concentrations averaged 0.006 ag NH^-N/l for 
all treataents and vere less than the range where catfish (Colt and 
Tchobanoglous 1978) and prawns (Sandifer and Saith, p. 83) are 
adversely affected. Average pH (8.0) was also within the range for 
good catfish (Swingle 1961) and prawn production (6-10.5, Sandifer and 
Salth 1985, p.85). Average values for both total alkalinity and total 
hardness vere above 300 ag/1 as CaCO^ . These values are within the 
pre8uaed range where catfish are not adversely affected (Hart et al. 
1945). However, the hardness value is high enough to have potentially 
retarded prawn growth (Cripps and Nakasura 1979, Sandifer and Salth 
1985, p. 86). Average chlorophyll a. concentration was 170 ug/1. The 
reported range for good fish production is 90 to 200 ug/1 (Boyd 1979). 
Turbidity was generally related to chlorophyll & concentrations.
Since chlorophyll & levels vere within an acceptable range, it is 
likely that turbidity was also acceptable.
This study was not designed to exaaine the shape of either 
catfish or prawn growth curves, but rather to deteraine if growth 
curves changed at different prawn densities. Catfish growth did not 
differ at the three densities. However, prawn growth deterained by 
length, but not by weight, was adversely affected at the highest 
density tested. The result for prawns agrees with other studies that 
show an inverse relationship between stocking density and harvest 
weight (Cohen and Ra'anan 1983 and Cohen 1984). Why this difference
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occurred in lengthf but not weight, is not known. However, each curve 
was detereined by only eight points. Additional data will have to be 
collected to detersine if prawn weight over tine is adversely affected 
by low (<15,000 prawns/ha) densities. Prawn growth curves presented 
here are siallar to weight growth curves presented by Ssith et al. 
(1981) and a length growth curve reported by Perry and Tarver (1981). 
Height gain was initially slow, but increased as tine increased. 
Results for prawns stocked at 4,942 and 14,826/ha appeared to agree 
with this response. However, prawns stocked at 9,884/ha appeared to 
have reduced growth during the final tise period. An explanation for 
this is not apparent. However, it 1b probably not related to density 
because lover and higher densities did not exhibit decreased growth.
A sore likely explanation is that water quality had a significant 
effect. Water teaperature and dissolved oxygen concentration at the
9,884 prawns/ha density vere lover than those found at the 4,942 and 
14,826 pravns/ha densities during the last growing period. Either 
paraaeter could have caused the prawns to not grow as rapidly in the 
aiddle density as in the lover and higher densities.
Size variation at harvest is a serious problea in the catfish 
industry. Size variation is usually reduced by selectively seining 
large-size aniaals. In this study catfish weight and length variation 
unadjusted for aean length and weight, respectively, increased froa 
day 48 to day 139. The result for length concurs with that found by 
NcGinty (1980). However, length variation adjusted for aean length 
did not change over tiae, and weight variation adjusted for aean 
weight decreased over tiae. Thus, faraers who batch harvest ponds
as
■hould try to harvest as early as possible alter fish reach the 
desired aean size to reduce size variation, but researchers interested 
in coaparing grovth variation of catfish at different sizes should 
take aean sizes into account.
Pravn size variation at harvest is also a aajor problea. 
Processors prefer unlfora-size aniaals, but due to variation vithin 
prawn aorphotypes, a large percentage of the population aay be 
subaarketable even when the average size is aarketable. Cohen et al. 
(1983) recoaaended low stocking densities to reduce variation, but 
then low yields occur. Karplus et al. (1986b) found coefficients of 
variation were relatively unifora at densities of 10,000 to 40,000 
prawns/ha. However, they did not exaaine changes in variation over 
tiae. Results froa this study show that pravn weight and length 
variation unadjusted for aean weight and length, respectively, 
increased froa day 48 to day 139. Siailar results for unadjusted 
weight and length were reported by Fujiaura and Okaaoto (1972), 
Sandifer and Saith (1975), Saith et al. (1978), Halecha (1980), Cohen 
et al. (1981) and Halecha et al. (1981). In addition prawn length 
adjusted for aean length increased through at least 92 days of grovth, 
but then decreased during the third period (days 92-139). Adjusted 
weight variation also continued to increase froa day 48 to day 139. 
Because prawns are aarketed on a weight basis, faraers should try to 
harvest as early as possible to obtain prawns with the lowest weight 
variation. However, researchers interested in coaparing pravn grovth 
variation at different sizes should take aean sizes into account.
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A third factor In this study was to deternine If catfish and 
pravn survival changed over tiae and Interacted with pravn density. 
Catfish survival asong the three tiae periods and three pravn 
densities did not differ. Catfish survival decreased during the first 
46 days to a level that remained constant froa day 46 through day 139. 
Possibly disease and predation vere highest during the first 46 days, 
but later becaae insignificant. Previous studies (see 1984 and 1985 
grov-out studies) using catfish of siailar sizes also reported no 
significant differences in catfish survival at various pravn 
densities. Average survival vas also siailar to that reported by 
Stlckney (1979) for commercial catfish ponds.
An additional problem in catfish-pravn polyculture is the 
occurrence of variable pravn survival. Pravn survival has ranged froa 
41X (1985 study) to 93X (D'Abraao et al. 1986). Previous studies 
could only speculate vhen mortality occurred. In this study there 
vere no differences in pravn survival after 48, 92 and 139 days.
Pravn survival vas 100X at the tine of stocking, but than decreased to 
an average of 68X that remained about the sane from day 48 through day 
139. Possibly disease and predation vere highest in the initial 48 
days, but decreased in importance as pravns grev.
Grass carp vere stocked to control aquatic macrophytes, but no 
data vere collected on them. No evidence suggests that they affect 
catfish (Jensen 1984) or pravn (Cohen et al. 1983) production vhen 
stocked at densities used in this study.
Catfish production data after 139 groving days vere vlthin the 
range of previously reported levels. Average catfish veights ranged
froa 327 to 452 g. The range reported froa other catfish-pravn 
studies is 180 g (Behrends et al. 1985) to 690 g (D'Abraao et al. 
1986). Generally, catfish vere of aarketable size, approxiaately 
350-600 g (Huner and Dupree 1984, p. 58). Catfish survival vas high 
and coaparable to values seen in coaaercial ponds (Stickney 1979). 
Catfish yields at 4,942 pravns/ha (3,252 kg/ha) and at 14,626 
pravns/ha (3,182 kg/ha) vere siailar to average yields reported in 
coaaercial ponds stocked at the saae rate (3,334 kg/ha, Huner and 
Dupree 1984, p. 60)). Hovever, yields vere lov (2,242 kg/ha) in the
9,884 pravns/ha density.
Pravn production data vere vithin the range of previously 
reported values. After 139 days pravn length and veight did not 
differ aaong the three stocking densities. This result differs froa 
those seen in previous stocking density studies (Brody et al. 1980, 
Perry et al. 1980, Halecha et al. 1981, Cohen and Ra'anan 1983, Cohen 
1984, Wohlfarth et al. 1985, and Karplus et al. 1986a). Presuaably 
the lov nuaber of replicates (tvo ponds per treataent) at final 
harvest vas insufficient to shov a statistical difference. Survival 
did not differ aaong the three densities. Siailar results have been 
seen in previous experlaents (1984 and 1985 production studies). 
Although a significant difference in gross yield vas found betveen 
treataents, all treataents vere siailar to ranges (121 to 442 kg/ha) 
observed by other reserarchers in previous catfish-pravn polyculture 
experlaents (Huner et al. 1981, 1982, Pavel et al. 1985).
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Summary and Conclusions
The objectives of this study vere to determine if tvo methods of 
sampling catfish and pravns gave biased results and to determine if 
pravn stocking densities affect catfish and pravn grovth and survival. 
Catfish, pravns and grass carp vere stocked at the same densities used 
in the 1985 study. After 48, 92 and 139 days tvo ponds of each pravn 
density treatment vere sampled vith a cast net and a seine. Average 
lengths and veights vere determined from the samples. The follovlng 
day the same ponds vere drained and all animals harvested and measured 
for length and veight. This alloved collection of data on populations 
vhich could be used to determine effects of different sampling regimes 
and pravn densities over tiae on grovth and survival. Important 
conclusions froa this experiment are as follovs:
Methods for Sampling Catfish and Pravns
1. Catfish captured vith cast nets under-estimate and seined 
samples over-estimate catfish population parameters for 
veight and length. Additional research is needed to 
determine adequate sampling schemes that reflect true 
population parameters.
2. Neither cast netted nor seined sample statistics differ froa 
each other or from the population parameters for pravn length 
or veight. Thus, either method can be used to sample pravns.
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Catfish and Pravn Grovth and Production
1. Catfish grovth over tiae vas not affected by pravn densities 
in the range of 4,942 to 14, 626 pravns/ha.
2. Pravn grovth over tiae aay be affected by pravn densities. 
Hovever, additional data vill have to be collected to 
deteralne the extent of this effect.
3. Catfish veight variation unadjusted for aean veight 
increased over the range of the study (139 days). Faraers 
using a batch harvesting scheae can alnlalze variation by 
harvesting as early as possible after aniaals reach aarket 
veight.
4. Pravn veight variation unadjusted for aean veight increased 
through tiae. Faraers, using a batch harvesting scheae, can 
ainialze pravn veight variation by harvesting as early as 
possible.
5. Both catfish and pravn aortalities vere highest in the first 
groving period (days 1-46). After that period survival 
reaained constant throughout the rest of the groving season. 
Causes of this aortality could be disease and predation. 
Additional research vill be needed to deteralne exact causes 
of death.
6. Catfish yields vere lov. This vas priaarily due to lov 
average harvest size since average survival vas higher than 
what is noraally considered acceptable in catfish ponds.
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Pravn yields vere also lov, but vithin the range reported in 
other catfish-pravn polyculture studies.
Further research in these areas should continue analyzing 
saapling sethods lor catfish. Both Methods in this study gave length 
and veight seans that differed froa the true population parameters. 
Good sampling methods are necessary to determine appropriate feeding 
rates and harvesting times. Further research is also needed to 
determine the effect of pravn density on pravn grovth. This 
information vill be needed to accurately determine feeding rates and 
harvesting times.
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APPENDICES
Appendix 1__- Feeding Table Used in the__19B5 and__1966 Production
Studies
Suggested sexisus feeding rates and feeding frequencies for fry or 
snail fingerlings and for food-sized channel catfish at different 
water tenperatures. (Source: Dupree 1984.)
Fry or finaerlinas1 Food_size fish
Hater feeding 
tenperature C
Feeding 
frequency 
per day
Feeding 
rate X _ 
(dailyr
Feeding 
frequency 
per day
Feeding 
rate X _ 
(daily)
>30.5 2 tines 2 1 tine 1
26.7 - 30.5 2 tiaes^ 6 2 tines 3
20.0 - 26.6 2 tines 3 1 tiae 2
14.4 - 19.9 1 tine 2 1 tine 2
^Catfish are considered to be fingerlings and follow the flngerllng 
schedule until they reach 305 an in length.
2
The feeding rate is split equally between the feeding tines per day.
3
Dupree (1984) suggests that these fish be fed 4 tines a day. This 
was not done in this study due to tine constraints.
Appendix 2 - AMOVA Tables for Water Quality in 1984
Tenperature
Source df SS F Prob.>F
Week 20 2,073.44 804.27 0.0001
Treatnent 3 1.17 3.02 0.03
Ueek»Treatnent 60 5.13 0.66 0.97
Error 229 29.52
Total 312 2,190.24
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Dissolved Oxygen Levels
Source df SS F Prob.>F
Week 20 646.61 34.16 0.0001
Trestsent 3 0.63 0.29 0.63
Week»Treatsent 60 42. 25 0.74 0.91
Error 229 216.62
Total 312 906.66
Chlorophyll &
Source df SS F Prob.>F
Tine 6 33,390.95 1.02 0.42
Treatment 3 103,639.53 6.36 0.0007
TiaeftTreataent 18 50, 261.66 0.51 0.94
Error 77 418,826.80
Total 104 603, 543.91
Un-ionized Asnonia
Source df SS F Prob.»F
Tiae 10 0.93 9.32 0.0001
Treatment 3 0.02 0.56 0.64
Time"TreatBent 30 0.32 1.07 0.36
Error 121 1.21
Total 164 2.52
107
pH
Source df SS F Prob.>F
Tiae 10 2.71 5.64 0.0001
Treataent 3 0.42 2.92 0.04
Tlae*Treataent 30 1.69 1.16 0.26
Error 121 5.81
Total 164 10.45
Total Alkalinity
Source df SS F Prob.>F
Tiae 2 111,154.44 23.08 0.0001
Treataent 3 7,387.10 1.02 0.39
Tlae*Treataent 6 9,758.08 0.68 0.67
Error 33 79,473.75
Total 44 206,699.24
Total Hardness
Source df SS F Prob.>F
Tiae 2 55,270.52 11.53 0.0002
Treataent 3 11,532.69 1.60 0.21
Tlae*Treataent 6 13,213.91 0.92 0. 49
Error 33 79,125.67
Total 44 157,881.91
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Turbidity
Source df SS F Prob.>F
Tie* 10 1,026.74 5.44 0.0001
Treataent 3 765.61 13.53 0.0001
Tiae*Treataent 30 654.15 1.16 0.29
Error 121 2,283.04
Total 164 4,786.57
Appendix 3 - AHOVA Tables for the Catfish Harvest Data - 1984 Pilot
Study
Harvest Height
Source df SS F Prob.>F
Treataent 3 19,871.39 2.00 0.17
Contraat:
Linear 1 3,985.11 1.21 0. 29
Quadratic 1 17,209.50 5.20 0.04
Cubic 1 343.58 0.10 0.75
Error 11 36,372.79
Total 14 56,244.19
Harvest Length
Source df SS F Prob. >F
Treataent 3 4,177. 71 2.37 0.13
Contrast:
Linear 1 1,007.17 1.71 0.22
Quadratic 1 3,114.16 5.29 0.04
Cubic 1 261.60 0.44 0.52
Error 11 6,472.33
Total 14 10,650.04
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Survival
Source df SS F Prob. >F
Treataent 3 967.57 1.42 0.29
Contrast:
Linear 1 865.00 3.80 0.07
Quadratic 1 ISO. 25 0.66 0.43
Cubic 1 4.90 0.02 0.89
Error 11 2,505. 00
Total 14 3,472. 56
Harvest Yield
Source df SS F Prob.>F
Treataent 3 2,289, 055.00 1.67 0.23
Contrast:
Linear 1 1,179,951.75 2.58 0.13
Quadratic 1 1,331,410.12 2.91 0.11
Cubic 1 39.02 0.00 0.99
Error 11 5,028,793.70
Total 14 7,317,848.70
Feed Conversion
Source df SS F Prob. >F
Treataent 3 5.33153 0.52 0.67
Contrast t
Linear 1 0.42769 0.13 0.73
Quadratic 1 4.44930 1.31 0.28
Cubic 1 0.84624 0.25 0.63
Error 11 37.31222
Total 14 42.64376
Study
Harvest Height
Source df SS F Prob.>F
Treataent 2 668.48 4.13 0.06
Contrast:
Linear 1 666.42 8.24 0.02
Quadratic 1 13.46 0.17 0.69
Error 8 646.84
Total 10 If 315.32
Harvest Length
Source df SS F Prob.>F
Treataent 2 587.54 2.07 0.19
Contrast:
Linear 1 478.10 3.38 0.10
Quadratic 1 151.74 1.07 0.33
Error 8 I,133.00
Total 10 1,720.54
Survival
Source df SS F Prob.>F
Treatsent 2 1,361.83 1.92 0.21
Contrast:
Linear 1 340.01 0.96 0.36
Quadratic 1 If 118.53 3.15 0.11
Error 8 2,840.99
Total 10 4,202.82
Ill
Harvest Yield
Source df SS F Prob,
Treataent 2 64,122.03 2.10 0.18
Contrast:
Linear 1 14,170.01 0.93 0.36
Quadratic 1 49,086.48 2.96 0.12
Error 8 121, 964. 82
Total 10 186,086.89
ADDendix 9 - ANOVA Table for Hater Quality Parameters In the 1985 -
Production Study
Teaperature >
Source df SS F Prob. >F
Heek 19 836.56 1,381.05 0.0001
Treataent 6 5.02 26.24 0.0001
Week«Treataent 114 2.63 0.72 0.97
Error 200 6.38
Total 339 885.25
Dissolved Oxygen Concentration
Source df SS F Prob.>F
Week 19 412.29 38.33 0.0001
Treataent 6 17.94 9.28 0.0001
Week*Treataent 114 81.77 1.27 0.07
Error 200 113.23
Total 339 642.98
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Chlorophyll s.
Source df SS F Prob.>F
Tlae 9 27, 485. 25 1.85 0.07
Treataent 6 11,470.15 1.16 0.33
Tlae*Treataent 54 56,094.61 0.63 0.97
Error 100 165,Oil. 71
Total 169 259,644.34
Un-ionlzed Aaaonia
Source df SS F Prob.>F
Tlae 9 0.04 13.08 0.0001
Treataent 6 0.01 4.83 0.0002
Tlae«Treataent 54 0.02 1.21 0.19
Error 100 0.04
Total 169 0.12
PH
Source df SS F Prob. >F
Tlae 9 18.11 63.12 0.0001
Treataent 6 0.51 2.69 0.02
Tlae*Treataent 54 1.50 0.87 0.70
Error 100 3.19
Total 169 24.23
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Total Alkalinity
Source df SS F Prob. >F
Tlae 2 118#920.47 106.20 0.0001
Treataent 6 9# 128.69 2.72 0.03
Tiae*Treataent 12 6# 833.84 1.02 0. 46
Error 30 16# 797.00
Total 50 153# 282.35
Total Hardness
Source df SS F Prob.»F
Tiae 2 23# 149. 56 37.45 0.0001
Treataent 6 12# 711.06 6.85 0.0001
Tiae*Treataent 12 3# 059.85 0.82 0. 62
Error 30 9# 272.33
Total 50 50,430.51
Turbidity
Source df SS F Prob.>F
Tine 9 5,858.99 9.25 0.0001
Treataent 6 2, 462. 20 5.83 0.0001
Tiae*Treataent 54 4# 342.03 1.14 0.28
Error 100 7,038.00
Total 169 20# 073.88
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Appendix 6__:__AHQXA_Tablea_fgr the Catflah_ Hirygflt_ Qaia— =— lSfiS.
Production_Stud3t 
Harvest Height
Source df SS F Prob.>F
Treatsent 6 12,924.23 1.73 0.21
Contrast:
Control 1 399.12 0.32 0.59
Size 1 17.78 0.01 0.91
Density(Linear) 1 3,637.88 2.92 0.11
Density (Quadratic) 1 6,197.56 4.97 0.06
Size«Density (Linear) 1 2,853.88 2.29 0.16
Slze«Density (Quadratic) 1 2.99 0.00 0.96
Error 10 12,460.00
Total 16 25,384. 23
Harvest Length
Source df SS F Prob. >F
Treataent 6 1,583.06 2.41 0.11
Contrast:
Control 1 20.83 0.19 0.67
Size 1 313.60 2.86 0.12
Density(Linear) 1 501.88 4.58 0.06
Density (Quadratic) 1 519.14 4.74 0.06
Size*Density (Linear) 1 133.88 1.22 0.29
Size*Denslty (Quadratic) 1 5.56 0.05 0.83
Error 10 1,096.00
Total 16 2,679.06
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Survival (Acrsin-square root tranaforaatlon)
Source df SS F Prob.>F
Treataent 6 0.043 0.47 0.82
Contrast:
Control 1 0.016 1.16 0.31
Size 1 0. 001 0.04 0.64
Density(Linear) 1 0.000 0.00 0.96
Density (Quadratic) 1 0.020 1.26 0.29
Size»Density (Linear) 1 0.002 0.16 0.69
Slze*Density (Quadratic) 1 0.000 0.03 0.66
Error 10
Total 16
Harvest Yield
Source df SS F Prob. >F
Treataent 6 473,369. 36 0.86 0.56
Contrast:
Control 1 45, 347.19 0.49 0.50
Size 1 3,654.66 0.04 0.64
Density(Linear) 1 136,629.23 1.51 0.25
Density (Quadratic) 1 96, 555.71 1.05 0. 33
Size*Density (Linear) 1 225,868.50 2.45 0.15
Size*Density (Quadratic) 1 726.23 0.01 0.93
Error 10 922,144.17
Total 16 1,395, 513.53
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Feed Conversion
Source df SS F Prob.>F
Treataent 6 0a 568 1.54 0.26
Contrast;
Control 1 0.069 1.13 0.31
Size 1 0.091 1.49 0.25
Density(Linear) 1 0.145 2.35 0.16
Density (Quadratic) 1 0.260 4.22 0.07
SizettDensity (Linear) 1 0.015 0.24 0.63
SlzeftDensity (Quadratic) 1 0.002 0.04 0.85
Error 10 0.615
Total 16 1.184
Appendix 7 - AHDVA Tables for the Pravn Harvest Data - 1985 Production 
Study
Harvest Height
Source df SS F Prob.>F
Treatment 5 1,082. 41 6.68 0.01
Contrast:
Size 1 626.21 19.32 0.001
Density(Linear) 1 331.88 10.24 0.01
Density (Quadratic) 1 54.78 1.69 0.23
SlzeftDensity (Linear) 1 32.62 1.01 0.34
SlzeftDensity (Quadratic) 1 1.32 0.04 0.84
Error 10 291.77
Total 16 1,374.18
r
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Harvest Length
Source df SS F Prob.>F
Treataent 5 812.07 5. 50 0.01
Contrast:
Size 1 401.11 13.59 0.005
Density(Linear) 1 2S6.06 8.67 0.02
Density (Quadratic) 1 120.99 4.10 0.07
SlzeftDensity (Linear) 1 6. 06 0.21 0.66
SlzeftDensity (Quadratic) 1 4.17 0.14 0.72
Error 9 265.67
Total 14 1,077.73
Survival
Source df SS F Prob.>F
Treataent 5 2,326.94 5.83 0.01
Contrast:
Size 1 657.18 8.23 0.02
Density(Linear) 1 85.23 1.07 0.33
Density (Quadratic) 1 40.10 0.50 0. 50
SlzeftDensity (Linear) 1 1, 424.30 17.84 0.002
SlzeftDensity (Quadratic) 1 466.82 5.85 0.04
Error 9 718.57
Total 14 3,045. 51
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Harvest Yield
Source df SS F Prob. >F
Treataent 5 173,573.63 7.36 0.005
Contrast:
Size 1 44,271.28 9.38 0.01
Density(Linear) 1 120,226.15 25.48 0.0007
Density (Quadratic) 1 1,406.27 0.30 0.60
Size«Density (Linear) 1 14,703.36 3.12 0.11
SlzeftDensity (Quadratic) 1 1,962. 86 0.42 0.53
Error 9 42,467.40
Total 14 216, 041. 03
Appendix B - ANQVA Statistical Tables for Prawn Tagging Experiaent
Analysis of Behavior by Depth, Tlae of Day and Sex
Source df Chi-square Prob.
Tiae of Day 1 28.48 0.0001
Sex 1 0.06 0.80
Depth 1 0.00 0.95
Tiae of DayftSex 1 0.09 0.76
Tiae of DayftDepth 1 1.12 0.29
Sex*Depth 1 8.16 0.004
Residual 1 0.03 0.85
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Analysis of Behavior by Bottoa Postion, Use of Day and Sex
Source df Chi-square Prob.
Tiae of Day 1 63.07 0.0001
Sex 1 1.27 0.26
Bottoa Position 1 0.02 0.90
Tiae of Day»Sex 1 0.80 0.37
Tiae of DayftBottoa Position 1 2.91 0.09
Sex«Bottoa Position 1 6. Si 0.01
Residual 1 0.34 0.56
Hoveaent of Prawns by Sex and Tiae of Day
Source df SS F Prob
Sex 1 3.05 2.88 0.09
Tiae of Day 1 2.10 1.98 0.16
SexftTlae of Day 1 0.92 0.87 0.35
Error 114 120.70
Total 117 128.11
Appendix 9 - ANOVA Table for Analysis of Set Tiaes and Trap PealonB
Source df SS F Prob,
Prawn Density 2 0.226 0.72 0.55
Error a 3 0.471
Set Tlae 1 0.019 0.25 0.62
Trap Type 2 0.101 0.66 0.51
Set TiaeftTrap Type 2 0.157 2.06 0.15
Error b 110 8.404
Total 119 9.167
Appendix 10 - AMOVA Tables for Catfish and Prawn Sampling Analyses 
1986 Study
Catfish Length
Source df SS F Prob.>F
Harvesting Tiae 2 6,877.91 6.19 0. 02
Pravn Density 2 87.75 0.08 0.92
Error a 9 5,003.83
Method 2 4,427.84 9.41 0.0006
Error b 31 7,293.26
Total 46 64,035.50
Catfish Weight
Source df SS F Prob.:
Harvesting Tiae 2 63,713.14 5.33 0.03
Pravn Density 2 1,052.51 0.09 0.92
Error a 9 53,773.11
Method 2 52,909.14 6.81 0.003
Error b 31 120,465.49
Total 46 720,824.83
Pravn Length
Source df SS F Prob.>F
Harvesting Tiae 2 6,059.93 13.12 0.002
Pravn Density 2 169.41 0.37 0.70
Error a 9 2,077.81
Method 2 332.76 2.76 0.08
Error b 29 1,747.32
Total 44 48,409.00
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Prawn Weight
Source df SS F Prob.
Harvesting Tine 2 1,126.60 7.27 0.01
Prawn Density 2 111.90 0.72 0.51
Error a 9 697.70
Method 2 125.09 1.77 0.19
Error b 29 1,025.39
Total 44 10,093.98
Appendix 11 - ANOVA Tablea for Water Quality in 1986 Production Study
Teaperature, Saapling Period 1 <days 1-48)
Source df SS F Prob.>F
Week 6 1,053.52 247.51 0.0001
Pravn Density 2 0.82 0.58 0.56
WeekftPravn Density 12 0.11 0. 01 1.00
Error 643 598.04
Total 663 1,652.49
Teaperature, Saapling Period 2 (days 49-92)
Source df SS Prob.>F
Week S
Prawn Density 2
Week«Prawn Density 10
Error 466
Total 503
439.39 
0.42 
0.62 
307.99 
746.62
138.67 
0.33 
0.13
0.0001 
0.72 
1.00
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Teaperature, Saapling Period 3 (daye 93-139)
Source df SS F Prob.>F
Week 6 
Pravn Penalty 2 
Week«Pravn Density 12 
Error 2S1 
Total 281
45.44 13.69 
6.73 6.09 
1.05 0.16 
144.34 
197.75
0.0001 
0.003 
1.00
Dissolved Oxygen Levels, Saapling Period 1 (days 1-48)
Source df SS F Prob.>F
Week 6 
Pravn Density 2 
WeekaPravn Density 12 
Error 843 
Total 863
810.86 98.84 
5.82 2.13 
21.39 1.30
1.152.65
1.990.65
0.0001 
0.12 
0.21
Dissolved Oxygen Levels, Saapling Period 2 (days 49-92)
Source df SS F Prob. >F
Week 5 
Pravn Density 2 
Week*Pravn Density 10 
Error 486 
Total 503
42.56 10. 93
52.57 33.74 
27.61 3.54
378.56 
501.29
0.0001 
0.0001 
0.0002
Dissolved Oxygen Levels, Sampling Period 3 (days 93-139)
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Source df SS F Prob.>F
Week 6 30.49 3.79 0.0001
Pravn Density 2 23.84 14.72 0.0001
Week*Pravn Density 12 12.68 1.20 0.28
Error 261 229.17
Total 281 298.33
Chlorophyll a. Sampling Period 1 (days 1-48)
Source df SS F Prob.>F
Tiae 3 60,058.20 16.09 0.0001
Pravn Density 2 3,067.96 2.04 0.14
Time*Pravn Density 6 5,212.84 0.70 0.65
Error 60 74,635.83
Total 71 144,974.82
Chlorophyll g, Sampling Period 2 (days 49-92)
Source df SS F Prob.>F
Tiae 2 431.73 0.41 0.67
Pravn Density 2 5,105.45 4.76 0.02
Tiae*Pravn Density 4 3, 351.47 1.56 0.21
Error 27 14, 471.78
Total 35 23,360.43
Chlorophyll a, Saapling Period 3 (days 93-139)
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Source df SS F Prob.>F
Tiae 2 39.62 0.06 0.94
Pravn Density 2 294.87 0.30 0.75
Tiae«Pravn Density 4 845.48 0.43 0.78
Error 9 4,390.44
Total 17 3,390.41
Un-ionized Aaaonia, Saapling Period 1 (days 1-48)
Source df SS F Prob.>F
Tine 3 0. 00024 13.46 0.0001
Pravn Density 2 0.00005 3.79 0.03
TlaeftPravn Density 6 0.00007 1.98 0.08
Error 60 0.00036
Total 71 0.00073
Un-ionized Aaaonia, Saapling Period 2 (days 49-92)
Source df SS F Prob. >F
Tiae 2 0.0070 9.92 0.0006
Pravn Density 2 0.0019 2.70 0.08
Tiae*Pravn Density 4 0.0040 2.85 0.04
Error
T n t a l
27 0.0095
n a m i
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Un-ionized Aaaonia, Saapling Period 3 (daya 93-139)
Source df SS F Prob.>F
Tiae 2 0.001 1.29 0.32
Pravn Density 2 0.005 4.83 0.04
Tiae«Pravn Density 4 0.002 0.74 0.59
Error 9 0.005
Total 17 0.013
pH, Saapling Period 1 (days 1-48)
Source df SS F Prob.>F
Tiae 3 5.501 214.33 0.0001
Pravn Density 2 0.005 0.31 0.74
Tiae*Pravn Density 6 0.058 1.13 0.36
Error £0 0.513
Total 71 6.078
pH, Saapling Period 2 (days 49-92)
Source df SS F Prob.>F
Tiae 2 0.034 2.51 0 . 10
Pravn Density 2 0.009 0.66 0.53
Tiae«Pravn Density 4 0.031 1.15 0.35
Error
T n f a l
27
w
0.182
n
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pH, Saapling Period 3 (days 93-139)
Source df SS F Prob.>F
Tlae 2 0.014 2.17 0.17
Pravn Density 2 0.004 0.67 0.54
TiaeiPravn Density 4 0.009 0.673 0.63
Error 9 0.030
Total 17 0.056
Total Alkalinity, Saapling Period 1 (days 1-48)
Source df SS F Prob.>F
Pravn Density 2 1,033.00 4.30 0.03
Error 15 1,603.50
Total 17 2,836.50
Total Alkalinity, Saapling Period 2 (days 49-92)
Source df SS F Prob.>F
Pravn Density 2 201.50 0.13 0.88
Error 9 7,067.50
Total 11 7,269.00
Total Alkalinity, Saapling Period 3 (days 93-139)
Source df SS F Prob.>F
Pravn Density 2 2,371.00 2.55 0.22
Error 3 1,394.50
Total 5 3,765.50
Total Hardness, Saapling Period 1 (daya 1-48)
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Source df SS F Prob.>F
Pravn Density 2 643.33 1.02 0.38
Error 13 4,729.17
Total 17 5,374.30
Total HardnesB, Saapling Period 2 (days 49-92)
Source df SS F Prob.>F
Pravn Density 2 32.67 0.03 0.97
Error 9 3,073.00
Total 11 5,107.67
Total Hardness, Saapling Period 3 (days 93-139)
Source df SS F Prob.>F
Pravn Density
Error
Total
2 1,433.33 2.29
3 938.00 
3 2,371.33
0.25
Turbidity, Sampling Period 1 (days 1-48)
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Source df SS P Prob. >F
Tlae 3 4,427.60 72.95 0.0001
Pravn Density 2 2.06 0.05 0.95
Tiae«Pravn Density 6 108.01 0.89 0.51
Error 60 1,213.82
Total 71 5,751.49
Turbidity, Saapling Period 2 (days 49-92)
Source df SS F Prob,
Tiae 2 565.17 5.41 0.01
Pravn Density 2 51.50 0.49 0.62
Tiae«Pravn Density 4 51.33 0.25 0.91
Error 27 1,410.00
Total 35 2, 078.00
Turbidity, Saapling Period 3 (days 93-139)
Source df SS F Prob.>F
Tiae 2 124.00 0.79 0.48
Pravn Density 2 290.33 1.85 0.21
Tiae»Pravn Density 4 198.67 0.63 0.65
Error 9 705.00
Total 17 1,318.00
129
Appendix 12 - Analyses of Covariance for Catfish and Prawn Growth
Catfish Growth Curve For Length 
SizeaPravn Stocking Size)
(D=day, Deneity*Pravn Density and
Source df SS F Prob. >F
Density 2 84.67 0.45 0.64
D 1 98,256.52 1,050.19 0.0001
D»D 1 697.63 7.46 0.01
D#D»D 1 2.90 0.03 0.86
D*Density 2 562. 62 3.01 0.07
D*D*Density 2 725. 39 3. 88 0.03
D»D*D«Density 2 52.63 0.28 0.76
Error 24 2, 245.45
Total 35 102, 628.03
Catfish Growth Curve For Height 
Size*Pravn Stocking Size)
<D*day, Density=Pravn Density and
Source df SS F Prob.>F
Density 2 2,485.38 3.22 0.06
D 1 644,970.47 1,673.81 0.0001
D*D 1 2,153. 84 5.59 0.03
D»D«D 1 249.13 0.65 0.43
D«Density 2 10, 230. 34 13.27 0.0001
D«D«Density 2 9, 482.13 12.30 0.0002
D«D«D*Density 2 1,800.31 2.34 0.12
Error 24 9,247.95
Total 35 680,619.55
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Pravn Grovth Curve For Length <lf=day, Density*Pravn Density and 
SizesPravn Stocking Size)
Source df SS F Prob.>F
Density 2 103.62 3.78 0.04
D 1 94,126.11 6, 865.67 0.0001
D«D 1 1,075.37 78.44 0.0001
D«D*D 1 101.39 7. 40 0.01
D«Density 2 322.03 11.74 0.0003
D*D*Density 2 326.17 11.90 0.0003
D«D*D«Density 2 192.15 7.01 0.004
Error 24 329. 03
Total 35 96,575.87
Pravn Grovth Curve For Height (D^ day, DensitysPravn Density and
SizesPravn Stocking Size)
Source df SS F Prob.»F
Density 2 89.31 0.64 0.54
D 1 6,974.04 99.90 0.0001
D*D 1 1,014.05 14.53 0.0008
D*D»D 1 2.30 0.04 0.85
D»Density 2 189.34 1.36 0.28
D«D*Density 2 25.73 0.18 0.83
D«D*D«Denaity 2 S. 28 0.04 0.96
Error 24 1,675.38
Total 35 9, 975.63
Aonendix 13 - F-Tests for Catfish and Pravn Variation Unadiuated for
Hean Size 
Catfish Length
Harvesting Day Variance df F Prob.>F
48 lt 174.993 1,323 1.273 0.001
139 1,498.053 1,447
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Catfish Weight
Harvesting Day Variance df F Prob.>F
48 6,590.835 1,335 4.954 0.001
139 32,651.682 1,446
Pravn Length
Harvesting Day Variance df F Prob.>F
48 152.415 1,167 2.052 0.001
139 312.804 1,290
Pravn Weight
Harvesting Day Variance df F Prob. >F
48 1.967 1,163 82.609 0. 001
139 162.475 1,282
Appendix 14 - Analyses of Covariance for Catfish and Pravn Variation 
Catfish Length Variance - Adjusted for Hean Length
Source df SS F Prob.>F
Log(Hean Length) 1 0.025 2.77 0.12
Date 2 0.046 2.51 0.12
Error 14 0.127
Total 17 0.198
132
Catfish Weight Variance - Adjusted for Hean Weight
Source df SS F Prob. >F
Log(Hean Weight) 1 1.314 190.22 0.0001
Date 2 0.084 0.04 0.02
Error 14 0.111
Total 17 1.710
Pravn Length Variance - Adjusted for Hean Length
Source df SS F Prob.>F
Log(Hean Length) 1 0.203 41.79 0.0001
Date 2 0.083 8.67 0.009
Error 14 0.089
Total 17 0.339
Pravn Weight Variance - Adjusted for Hean Weight
Source df SS F Prob.>F
Log(Hean Weight) 1 11.036 3, 453.73 0.0001
Date 2 0.049 7.65 0.006
Error 14 0.043
Total 17 11.130
133
Appendix 15 - AHOVA Tables for Catfish and Prawn Survial Through Tine
Catfish X Survival (arcain square root transformation)
Source df SS F Prob. >F
Harvest Tine 2 0.018 0.16 0. 85
Pravn Density 2 0.156 1.44 0.29
Harvest Tine«Pravn density 4 0.187 0.86 0.52
Error 9 0.487
Total 17 0.847
Pravn X Survival
Source df SS F Prob,
Harvest Tine 2 0.011 0.29 0.75
Pravn Density 2 0.081 2.19 0.17
Harvest Time*Pravn density 4 0.321 4.30 0.03
Error 9 0.168
Total 17 0.582
Appendix 16 - AHOVA Tables for the Catfish Production Data - 1986
Study
Harvest Height
Source df SS F Prob.>F
Treataent 2 20,077.39 34.83 0.008
Contrast t
Linear 1 17.11 0.06 0.82
Quadratic 1 20,060.28 69.61 0.004
Error 3 864.58
Total 5 20,941.97
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Harvest Length
Source df SS F Prob. >F
Treataent 2 1,002.18 25.85 0. 01
Contrast:
Linear 1 0.00 0.00 0.99
Quadratic 1 1,002.18 51.70 0.005
Error 3 58.15
Total 5 1,060.34
Harvest Yield
Source df SS F Prob. >F
Treatment 2 1,270, 740.09 17.97 0.02
Contrast:
Linear 1 4, 884. 51 0.14 0.73
Quadratic 1 1,265,855.58 35.80 0.009
Error 3 106,070.06
Total 5 1, 376,810.15
Appendix 17 - AHQVA Tables for the Prawn Production Data - 1986 Study
Harvest Weight
Source df SS F Prob.>F
Treataent 2 370. 50 6.38 0.08
Contrast:
Linear 1 113. 71 3.92 0.14
Quadratic 1 256.78 8.85 0.06
Error 3 87.06
Total 5 557.56
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Harvest Length
Source df SS F Prob.>F
Treataent 2 586.07 4.97 0.11
Contrast:
Linear 1 136.20 2. 31 0.23
Quadratic 1 449.87 7.63 0.07
Error 3 176.81
Total 5 762.88
Harvest Yield
Source df SS F Prob.>F
Treataent 2 63,749.56 26. 01 0.01
Contrast:
Linear 1 33, 554. 38 27.39 0.01
Quadratic 1 30,195.18 24.64 0.02
Error 3 3, 675.80
Total 5 67, 425. 36
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